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THE APPLICATION OF THE METHOD OF 
COMPARISON TO THE PROBLEM OF 
MEMORY CHANGES 


BY FRANCIS W. IRWIN AND MORTON A. SEIDENFELD 


University of Pennsylvania 


During the past fifteen years two lines of research, which 
had previously been pursued sporadically and without full 
realization of their importance, have been revitalized by their 
treatment at the hands of the Gestalt psychologists. On the 
one hand, the problem of memory changes was brought to the 
fore in 1922 by Friedrich Wulf’s well-known paper! which 
purported to show that with the passage of time certain 
structurally-conditioned distortions appear in memorial re- 
productions. Work so interesting and so important for 
theory was soon continued and extended by numerous in- 
vestigators, most of whom are referred to in Warner Brown’s 
convenient summary.? The method common to these experi- 
ments may be called the ‘method of reproduction,’ since the Ss 
are required to draw by hand reproductions of visually per- 
ceived figures at various intervals of time after the original 
exposure. 

On the other hand, a year after Wulf’s paper there ap- 
peared an equally important study by Kohler,’ illuminating 


1 Wulf, F, Ueber die Veranderung von Vorstellungen (Gedachtnis und Gestalt). 
Psychol. Forsch., 1922, 1, 333-373: 


? Brown, W. Growth of ‘memory images.’ Amer. J. Psychol., 1935, 47, 90-102. 


* Kohler, W. Zur Theorie des Suksessivvergleichs und der Zeitfehler. Psychol. 
Forsch., 1923, 4, 115-175. 
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the problem of the time-error of successive comparison. 
Kohler’s dynamic interpretation of this familiar phenomenon 
likewise instigated a long series of experiments, as can be seen 
in Needham’s review.t| The method of comparison as em- 
ployed in time-error experiments involves the presentation of 
stimuli for judgment, usually in pairs each of which consists of 
a standard and a comparison stimulus separated by a rela- 
tively short period of time. 

Up to the present time little use has been made of methods 
developed from those of psychophysics in dealing explicitly 
with problems of memory. Some students of the time-error, 
notably Lauenstein * and Pratt,® have recognized the possi- 
bility that a relationship may exist between the time-error 
and the so-called memory changes. In his elaborate discus- 
sion of trace theory, which draws upon data from both fields, 
Koffka 7 mentions an attempt of his to apply the method of 
comparison to the memory problem which unfortunately led 
to inconclusive results. In general, however, the two lines of 
research have been pursued independently. 

Directly relevant experimental findings appear to be 
confined to one or two early papers. Baldwin and Shaw,® 
in 1895, attempted to determine the accuracy of ‘memory for 
square size,’ using methods which today might be called the 
methods of recognition, of comparative judgment, and of 
reproduction. By all three methods a decrease in the ac- 
curacy of memory with increased time was found, the intervals 
being 10, 20 and 40 min. Only the last of the three sets of 
results was reported in such form as to enable one to determine 
directions of change; here the Ss’ drawings became smaller 
with lapse of time, which is explained by the authors as 
probably due to fatigue or the small size of the paper on which 
the drawings were made. At the same time Warren and 


‘Needham, J. G. The time-error in comparison judgments. Psychol. Bull., 
1934, 31, 229-243. 

5 Lauenstein, O. Ansatz zu einer physiologischen Theorie des Vergleichs und der 
Zeitfehler. Psychol. Forsch., 1932, 17, 130-177. 

Pratt, C. C. The law of disuse. Psychol. Rev., 1936, 43, 83-93. 

7 Koffka, K. Principles of Gestalt Psychology. N. Y., 1935, p. 497. 

§ Baldwin, J. M., and Shaw, W. J. Memory for square size. Psychol. Rev., 1895, 
2, 236-239. 
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Shaw ® reported results, obtained by a comparison method, 
which failed to agree with the findings of Baldwin and Shaw 
and which seemed to the writers to indicate that “‘the memory- 
image tends to grow larger as the time interval increases” (p. 
241, italics in original). They attempted to explain these 
results by means of Weber’s law. The tentative beginnings 
represented by these two experiments led to no sustained 
attack upon the problem, no doubt because of the meagerness 
of related fact and theory atthe time. They are, so far as the 
writers of the present paper have been able to discover, the 
only definite results on memory changes secured by psycho- 
physical methods. 


Our purpose in this paper is to exhibit some results ob- 
tained by means of a method designed to attack the memory 
change problem with the resources of psychophysics, and to 


bridge the gap still separating memory phenomena from those 
of the time-error. 


METHOD 


The method used was that of successive comparison, slightly modified from its 
usual form in order more closely to approximate the conditions of the memory experi- 
ments. Six simple figures (see Fig. I) were exposed visually, one at a time, to groups of 
Ss. The exposure apparatus consisted of a ply-wood board 38 cm by 94 cm, painted 
flat black, with a centered aperture 20.3 cm square, the whole serving as a frame for the 
cards to be exposed. The board was set with the long side horizontal, and was kept in 
an upright position by two small triangular wings behind it at right angles. By means 
of grooves on the reverse side of the board heavy cards of drawing board, about 24 cm 
square, could be slid past the aperture. A biank white card filled the aperture except 
when a figure was being exposed. To expose a figure, the card was inserted into the 
grooves, and then slid over to the aperture, automatically pushing before it the blank 
card until the latter reached a stop button. This button was situated in such a way as 
to arrest the two cards when the figure was properly centered in the aperture. The 
blank card was then removed, and a card with the second figure upon it was inserted. 
This card was shoved over to replace the first figure, just as the first card had replaced 
the blank; and so on until all of the figures had been exposed. The last figure was then 
replaced by a blank card. The grooves were so arranged that the operations of re- 
placing cards, and the unexposed and previously exposed cards themselves, were in- 
visible to the Ss. With very little practice the experimenter was able to perform these 
simple operations with proper regard to the exposure times. 

In order to have a supply of identical material, photographic reproductions of 
carefully drawn figures were made, and mounted upon heavy white drawing board. 
Each figure was centered on its card. The figures were of the following descriptions: 





® Warren, H. C., and Shaw, W. J. Further experiments on memory for square 
size. Psychol. Rev., 1895, 2, 239-244. 
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Fic. I. 1. Open circle; 2. Obtuse angle; 3. Arc-line figure; 4. Acute angle; 
5. Dot figure; 6. Open triangle. 


No. 1. Open circle: diameter, 73 mm; gap at top; 11.5 mm chord (arc of 18 
degrees). 

No. 2. Obtuse angle: limbs, each 53 mm; angle of 122 degrees; angle opening 
directly upward. 

No. 3. Arc-line figure: horizontal line, 54.5 mm; semicircle attached to right 
extremity of straight line, diameter 50 mm. 

No. 4. Acute angle: open toward upper right, lower limb horizontal; angle 34 
degrees; upper limb, 92 mm; lower limb, 75 mm. 

No. 5. Dot figure: four dots disposed as approximate square with eccentric upper 
right hand corner; base, 75 mm between centers of dots; left side, 75 mm; base and left 
side at right angle; right side, 90 mm; top side, 90 mm; diameter of dots, 12 mm. 

No. 6. Open triangle: base, 73 mm; sides, each 63 mm; gap width, 12 mm; figure 
bilaterally symmetrical, with gap at top. 
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The width of the lines in these figures was 3-3.5 mm. 

These figures were selected for their simplicity, for clarity of specific character- 
istics, for similarity to those used in previous investigations, and for usefulness in 
memory theory. 

The following instructions were read to the Ss: 


I am going to show you several different figures. 1 want you to observe them 
very carefully while they are exposed, so that if I show you some similar figures in 
the future you will be able to compare them with these. Remember, look at each 


figure as long as it is shown, but do not write or draw anything or talk to your 
neighbor about it. 


The six figures were shown one at a time for 5 sec.each. Each S was then given a 
record sheet, with spaces for name, age, sex and date. Below this were three columns, 
the first containing the numbers from 1 to 11, and the second and third containing 
opposite each other the names of the two categories of judgment between which the S 
was required to choose for each of his 11 judgments. We reproduce below, in the first, 
third and fourth columns these three columns of the record sheets. The second column 
below was not found on the record sheets, but is given here to indicate to the reader the 
characteristics of the figures upon which judgments were made. 


1. (Fig. 1, width of gap)........... WIDER NARROWER 
ai, 2 | res SMALLER 
CO i itnntadancedmad GREATER LESS 
4. (Fig. 3, length of 
straight line)................ LONGER SHORTER 
5. (Fig. 3, curvature of arc)........ MORE CURVED LESS CURVED 
6. (Fig. 4, length of short line)..... LONGER SHORTER 
al a  ereeerrrrr le | LESS 
eS Se eee ee GREATER LESS 
g. (Fig. 5, ‘squareness’)........... MORE NEARLY LESS NEARLY 
SQUARE SQUARE 
10. (Fig. 6, width of gap)........... GREATER LESS 
Ss Gri MINI one wc ncesccccsns GREATER LESS 


As will be observed in this table, no intermediate category of judgment was per- 
mitted. This procedure, common to many psychophysical experiments, was followed 
here because preliminary experiments had shown that Ss tended to include in a middle 
category not only true ‘equal’ judgments, but also a large number of ‘doubtful’ 
judgments. Such a tendency results, of course, in a considerable diminution of the 
apparent asymmetries of distribution, and increases the number of Ss needed to 
establish trends. 

The record sheets having been handed out, the experimenter read the following 
instructions to the Ss three minutes after the exposure of the last figure: 

This is an experiment dealing with small differences. I am going to show you 
some figures more or less similar to those you have already seen. As I show you 
each figure I shall ask you one or two questions about it. Each question can be 
answered by underlining the proper word on your answer sheet. You will see that 
there are two possibilities indicated on the answer sheet for each question; you 
must make a choice between them, and underline one of them no matter how hard 
it may be. If you are entirely undecided, please guess as well as you can, so as not 
to omit any answer. 
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Figures identical to those first exposed '® were then shown, in the same order. 
They were exposed as long as was necessary for all Ss to come to a decision, usually 
10-20 sec. As the first figure was exposed the experimenter said: 


Please compare this figure with the one like it that you were shown originally. 
Now underline in line 1 on your answer sheet the word that best answers the 
following question: Is the gap in this figure wider or narrower than the gap in the 
original figure? 

When all Ss had made their choice, the experimenter said: 

All right. Now please indicate in line 2 the best answer to the question: Is 

this figure larger or smaller than the original figure? 


The judgments having been made, the next figure was exposed, the appropriate 
question was asked, and so on until the 11 judgments were completed. A few minutes 
were then allowed to pass without any activity concerned with the experiment except 
the collection of the record sheets. More record sheets, identical to the first ones, were 
then given to the Ss. The experimenter said: 


I am going to show you some more figures more or less similar to those I first 
showed you. I want you to observe them as before, and answer the questions I 
shall ask by underlining your choice as before. Please remember that you are to 


compare these figures with the very first figures I showed you, and Not with those you 
saw in the meantime. 


The same figures were then shown once more, and the same questions asked. The 
procedure was timed so that the first figure was shown very nearly 10 minutes after the 
completion of the original (first) exposures. Record sheets were collected as before. 
No questions about the experiment were answered, in order that the Ss might be given 
no information about its purpose. 

Seven days later a similar procedure was carried out, using the same instructions as 
for the 10 minute procedure, and exposing the figures in the same order. 

In this manner results were obtained from 70 Ss, each of whom gave judgments at 
each of the three time intervals. This group of Ss will be referred to as Group I. 
Another group of Ss, 97 in number, was subjected to a procedure exactly the same as that 
described with the exception that the figures were exposed, and the questions were 
asked, in an order just the reverse of that used for Group I. These Ss compose our 
Group II. The total number of Ss here reported on is thus 167. The results were 
obtained in undergraduate classes, Group I being composed of four classes numbering 
8, 13, 23 and 26 members, and Group II of three classes of 20, 33, and 44 members. Of 
the 167 Ss, 92 were men and 75 were women. The work was done in the Laboratory of 
Psychology of the University of Pennsylvania during the academic year 1935-36. 


RESULTS AND DIscussION 


In Table I are found the results for the 167 Ss, Groups I 
and II combined. The first three columns of this table indi- 
cate the serial number of the judgment, the figure, numbered 
as in Fig. I, and the characteristic on which judgment was 


10 The usefulness for many purposes of a ‘method of equal stimuli has been sug- 
gested by Arons and Irwin. See Arons, L., and Irwin, F. W. Equal weights and 
psychophysical judgments. J. Exper. Psychol., 1932, 15, 733-751- 
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TABLE I 


PERCENTAGES OF ‘GREATER’ JUDGMENTS FOR Eacu Ficure ror Eacu Time 
InTERVAL. Groups I anv II Comsinep (167 Ss) 


























Judg- | _ a Critical Ratios 
seem —_ Characteristic 
ber : . : . 
3 min. | 10 min. | 7 days | 3 min. | 10 min. | 7 days 
I I Gap 72.5 | 61.1 | 64.7 | 5.6 2.8 3.7 
2 I Area 56.3 | 59.9 | 56.9 | 1.6 2.5 1.7 
3 2 Angle 66.5 | 64.7 | 61.7 | 4.1 3.7 2.9 
4 3 | Length of straight line | 40.7 | 41.3 | 48.5 | 2.3 2.2 0.4 
5 3 Curvature of arc 72.5 | 55.1 | 59.3 | 5.6 1.3 2.3 
6 4 | Length of short line 49-7 | 61.7 | 58.1 | o.1 2.7 2.0 
7 4 Angle 50.9 | 40.7 | 43-7 | 0.2 2.3 1.6 
8 5 Area 49-1 | 46.1 | 49.7. | 0.2 1.0 0.1 
9 5 Squareness 46.7 | 38.9 | 34-7 | 08 2.8 3.8 
10 6 Gap 61.1 | 55.7 | 55.1 | 2.8 1.4 1.3 
II 6 Area 43-1 30.5 38.9 | 1.7 4-9 2.8 

















made. The fourth, fifth and sixth columns give the per- 
centages of judgments in the direction of ‘greater’ (wider gap, 
greater area, wider angle, longer line, etc.) for each characteris- 
tic at each of the three intervals (3 min., 10 min., and 7 days 
respectively). Since no intermediate category of judgment 
was permitted, the percentage of ‘less’ judgments is always 
equal to 100 percent minus the given percentage of ‘greater’ 
judgments. For the sake of ease in reading the table, those 
percentages which are less than 50 percent are printed in bold 
type. As we wish to stress the direction of asymmetry rather 
than the absolute value of these percentages, an index of the 
reliability of the difference between each percentage and 50 
percent has been calculated. The standard error of the per- 
centage 50 percent when equals 167, as given by the formula 
o, = Vpq/n, is 4 percent. If a percentage of 72.5 is obtained, 
as in the judgments on characteristic I at the 3 min. interval, 
this percentage differs from 50 percent by 22.5 percent, which 
is 5.6 times the standard error 4 percent. The critical ratios 
computed in this way for each of the percentages of columns 3, 
4 and s are presented in columns 7, 8 and g of Table I. 

In Fig. II the percentages of greater judgments of Table I 
are shown graphically. The 11 graphs of this figure represent 
the results for the 11 judged characteristics, a point being 
plotted for each of the three intervals. It should be noted 
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"6. Length of short line of acute angle 
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Curves drawn from the percentages of ‘greater’ judgments on each judged 
characteristic after each time interval. 
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that on the axis of abscissas the space between the 3 min. and 
IO min. exposures as compared with that between the Io min. 
and 7 day exposures is too large to represent accurately the 
actual time relations (approximately 1: 1440). To indicate 
the direction of asymmetry we have drawn the axis of abscissas 
for the ordinate 50 percent; thus points above this axis repre- 
sent asymmetry in the direction of ‘greater’ (corresponding 
to a ‘negative’ time-error), and points below it, asymmetry in 
the direction of ‘less’ (corresponding to a ‘positive’ time- 
error). 

Inspection of the results as shown in Table I and Fig. II 
shows immediately that significant asymmetries do exist, 
when by the term ‘asymmetry’ we mean a failure of the 
judgments to be distributed equally into the two categories. 
Evidence of this is the large number of high critical ratios, 19 
of the 33 being 2 or over, and 7 of these 19 being above 3.5. 
Then, too, there is a high degree of consistency of direction of 
asymmetry at the three time intervals for each characteristic. 
Observation of the graphs shows that in only two cases is there 
a lack of such consistency of direction, namely, at the 3 min. 
interval for judgments 6 and 7 as compared with the later 
judgments; and the two points in question lie very near 50 
percent. Considering both amount and consistency, the 
presence of genuine asymmetry can be claimed with confidence 
in the case of all of the judged characteristics with the possible 
exception of No. 8 (area of dot figure), where there is con- 
sistency but small and unreliable divergences from 50 percent. 

Further, the asymmetries cannot be the result of some 
general influence pervading the experiment independent of the 
judged characteristics themselves, since they are in opposite 
directions in the case of different characteristics. For exam- 
ple, a tendency toward overestimation is shown in judgments 
I, 2, 3, 5, 6 and 10, and the opposite tendency in judgments 
4, 7, 7, 9 and 11. The fact that overestimation appears 
largely in the lower-numbered judgments, and underestima- 
tion in the higher-numbered judgments, cannot be held to 
signify the presence of an effect due to the order of judgments 
since, while 70 Ss made their judgments in the order indicated 
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by these numbers, 97 Ss made their judgments in the opposite 
order. We conclude, then, that the asymmetries are specific 
to the individual figural characteristics judged by the Ss. 

A great practical advantage of the method used in this 
experiment lies in the obtaining of results from groups. This 
has potential disadvantages, however, at least one of which we 
need to examine closely. The use of fairly large groups meant 
that Ss observed the exposed figures from considerably dif- 
ferent distances. We have classified 116 of our Ss into two 
groups: 62 cases (Group A) were 40 to 175 inches from the 
exposure apparatus, while 54 cases (Group B) were 175 to 320 
inches distant. The results for these two groups separately 
are given in Table II. In adjacent columns of this table 


TABLE II 


Tue PercentaGes oF ‘GREATER’ JUDGMENTS MapeE sy Groups A anp B on 
Eacw CHARACTERISTIC AT Eacu Time INTERVAL, AND THE DIFFERENCES 
BETWEEN THE CORRESPONDING PERCENTAGES FOR THESE 
Two Groups (Group A—Group B) 


Group A: 62 Ss, 40’ to 175’’ distant from exposed figures 
Group B: 54 Ss, 175’’ to 320”’ distant from exposed figures 























Charac- 3 min. 10 min. 7 days 

teristic 
Number 

Group A | Group B | Diff. | Group A | Group B | Diff. | Group A | Group B | Diff. 

I 89 70 19 68 67 I 63 54 9 

2 55 56 - I 55 65 —10 56 61 — 5 

3 73 56 17| 74 52 22} 68 61 7 

4 34 41 |— 7] 45 39 6) 45 @:.i- 3 

5 68 78 —10 55 65 —10 56 67 —II 

6 52 50 2 63 63 ° 45 72 —27 

7 47 57 =e 50 37 13 52 43 9 

8 47 52 =< 37 41 — 4 45 59 —14 

9 52 41 Ir] 42 46 |— 4| 42 35 7 

10 65 78 |—13| 53 61 |— 8] 58 54 4 

11 47 43 4) 24 33 |- 9] 37 43 |— 6 























(columns 2 and 3, 5 and 6, and 8 and 9) are the percentages of 
greater judgments made by Groups A and B respectively; 
following each pair of percentages is the difference in per- 
centage between the two values concerned, obtained by sub- 
tracting the value for Group B from that for Group A. It 
should be noted that Table II represents only 116 of the 167 Ss 
whose results are found in Table I, data being absent for the 

















SOS fd tea at, Seale i all Hs 





PROBLEM OF MEMORY CHANGES 373 


remainder of the main group. Hence Tables I and II need 
show no absolute numerical agreement. 

The following information may be gained from this 
comparison: 

1. The differences range from o percent to 27 percent in 
absolute value, with a median of 8 percent. 

2. Of the 33 differences, 18 are positive, 14 are negative, 
and I is zero. 

3. No definite tendency toward association of the direc- 
tion of asymmetry with the sign of these differences is shown. 

4. In 6 of the 33 comparisons a difference in the direction 
of asymmetry for Groups A and B is shown. Most of the 
12 percentages involved in these 6 comparisons indicate rela- 
tively small amounts of asymmetry, only two being outside 
of the range from 40 percent to 60 percent. The most striking 
divergence is that for characteristic No. 6 at 7 days, where 
the values are 45 percent for Group A and 72 percent for 
Group B. 

In general, the differences between the two groups, while 
by no means negligible, are not so great as we had feared might 
be present where such large differences in distance existed. 
Although they probably contribute to the heterogeneity of the 
statistical populations, and therefore to variability, they seem 
not to introduce into the experiment any considerable sys- 
tematic error. Although no direct evidence is at hand, we 
might speculate that the phenomena of ‘constancy of size’ 
have come to our assistance here. At any rate, the differences 
between the two groups seem not to be of such a nature as to 
disturb the theoretical conclusions to be drawn from the 
results. 


Our primary interest in the results of this experiment, 
aside from questions of method, lies in their possible bearing 
upon the theory of memory. To pave the way for a dis- 
cussion of this topic two points must be considered. 

First, for the sake of clarity we shall refer to the figures 
used in the experiment by the names employed above in 
describing them, rather than simply by number. We are by 
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no means unmindful of the importance of the distinction 
between the figures as physical objects and the perceptions 
of the figures, nor of the possible ambiguity of the word 
‘figure’ itself. The discussion will be clear, we believe, if it 
is understood that the word ‘figure,’ or the specific term ‘open 
circle,’ for example, is intended to refer to the physical objects 
here used as stimuli. Too much confusion has already been 
introduced into the literature on this and similar problems by 
neglect of this distinction or failure to make explicit the way 
in which terms are to be understood; we shall do our best to 
avoid contributing toward this confusion." 

Second, in relating our results to those obtained by methods 
involving drawn reproductions, it must be kept in mind that 
our Ss were always required to judge an exposed figure against 
the one first shown. Thus, a judgment of ‘narrower’ on the 
gap in the open circle was a judgment that the gap in the 
present figure was narrower than that in the original figure. 
From the point of view of trace theory, remembering that the 
two gaps were objectively equal, this judgment could be taken 
to mean that the ‘gap in the trace’ had grown wider during the 
interval, so that the gap now seen appeared narrower. Under 
the same conditions, if the S were asked to reproduce the 
original figure by drawing, he would be expected to draw a 
figure in which the gap was wider than that of the original. A 
judgment of ‘narrower,’ or in general, of ‘less,’ is therefore 
analogous to a drawn reproduction in which the characteristic 
in question is ‘wider,’ or in general, ‘greater’; and vice versa. 

To make as plain as possible the trends of the results, and 
to avoid circumlocution, Table III has been developed. The 
first column of this table names the characteristics which were 
judged. The second column states the direction of asym- 
metry of the judgments on each characteristic. The word 
‘positive’ means a preponderance of ‘less’ judgments, and the 
word ‘negative’ a preponderance of ‘greater’ judgments, after 


1 It may be mentioned that we have at hand results of further experimentation 
which indicate that the names we have applied to our stimulus objects in most cases 
differ little in wording or meaning from names applied by Ss to what they see when they 
observe these stimulus objects. Until publication of these results, however, we do not 
wish to bind ourselves to specific assumptions about the nature of the Ss’ perceptions. 
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the convention established by Fechner for the psychophysical 
time-error. The third column re-states the general trends of 
the results as if the judgments had been made with the present 
figure as the standard stimulus and the original figure as the 
comparison stimulus, instead of the reverse. We assume here 
simply that the judgment, “‘This gap is wider than the one I 
first saw,” means the same as the judgment, “The gap I first 
saw was narrower than this one.” ‘The first entry in this 
column, ‘original gap narrower,’ signifies that the majority of 
Ss gave judgments at the three time intervals which, re-stated, 


meant that the original gap seemed narrower than the one now 


exposed. 
TABLE III 


TRENDS OF ReEsuLts For Eacu JupGepD CHARACTERISTIC 








Trend when Original Figure is 





Characteristic Direction of Asymmetry Taken as Comparison Stimulus 
1. Width of gap of open circle. . . Negative Original gap narrower 
2. Area of open circle......... Negative Original area less 
3. Angle of obtuse angle....... Negative Original angle smaller 
4. Straight line of arc-line..... Positive Original! line longer 
5. Curvature of arc of arc-line. .. Negative Original arc less curved 
6. Short line of acute angle... .Ambiguousat3min., Little change at 3 min., 
positive at 10 min. original line greater at 10 
and 7 days min. and 7 days 
7. Angle of acute angle........ Ambiguous at3min., Little change at 3 min., 
positive at 10 min. original angle greater at 10 
and 7 days min. and 7 days 
8. Area of dot figure.......... Slightly positive Original area greater (?) 
g. Squareness of dot figure... . . Positive Original squareness greater 
10. Gap of open triangle... ..... Negative Original gap narrower 
11. Area of open triangle. ..... . Positive Original area greater 





A number of these results appear to agree strikingly with 
what is to be predicted from the law of Pragnanz and its 
special case, the lawof closure. It is clear from Table III that 
the original gaps in the two open figures, the circle and tri- 
angle, tend to be underestimated, tempting us to conclude 
that a change in the direction of closure has taken place in the 
traces established at the time of the first exposure of the 
figures. Furthermore, the overestimation of the squareness 
of the original dot figure after a lapse of time, as found in the 
results, is easily accounted for: by the law of Pragnanz the 
trace should, ceteris paribus, approximate more nearly the 
‘good gestalt’ of a square. The conditions for such a change 
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may have been improved by the fact that the term ‘square’ 
was used by the Ss in making their judgments. It so happens 
that these three cases, the results for which harmonize so 
beautifully with the expectations set up by Gestalt theory, are 
also the three cases in which prediction of direction of change 
can be made with relatively little reliance upon accessory 
assumptions. 

For the other cases, however, it is not so clear what pre- 
dictions should be made. This is due partly to the difficulties 
of the theory itself, as in instances where one cannot decide on 
a priori grounds whether to expect ‘sharpening’ or ‘leveling’; 
and partly, we must admit, to our lack of information about 
the nature of the figures as perceived. This lack of information 
makes prediction uncertain since in Gestalt theory, as Koffka ” 
insists, behavior is conceived of as regulated by the ‘behav- 
ioral,’ rather than by the ‘geographical’ environment. But 
stimulus figures are features of the geographical environment; 
only as perceived do they enter the behavioral environment. 
If, nevertheless, we allow ourselves for the moment some 
latitude of hypothesis, we might assume from our own per- 
ceptions of the figures that both the obtuse and acute angles 
were perceived as ‘angles departing from a right angle.’ In 
this case, the results (except for the ambiguous result for the 
acute angle at 3 min.) agree with the expectation that the 
obtuse angle, so to speak, should become smaller, and the acute 
angle larger. Of our three sets of results on the characteristic 
of area, those for the open circle seem to indicate ‘shrinking,’ 
and those for the open triangle and the dot figure (the latter 
indecisively), ‘expansion.’ The dot figure was the largest of 
our six figures, followed in order by the open circle and open 
triangle. Allport * obtained results by the method of repro- 
duction which led him to the conclusion that “‘shrinkage with 
time is one of the definitely ‘dynamical’ properties of traces.” 
Discussing this conclusion, Koffka ' says: “‘Since none of the 


2 Koffka, op. cit., Chapter II. Wulf had pointed out the importance of the Ss’ 
‘Auffassung’ of the figures. 

13 Allport, G. W. Change and decay in the visual memory image. Brit. J. 
Psychol., 1930-31, 21, 133-148. 

M4 Koffka, op. cit., 499-500. 
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other investigators found this change, it must be confined to 
certain definite ranges of size. One might, however, expect 
that very small figures would manifest the opposite tendency, 
1.¢., to expand.” Our results show that the size of the figure 
cannot be the sole factor determining the direction of change 
of area, and is perhaps not the most important one. In the 
arc-line figure, the shortening of the straight line (which was 
physically longer than the diameter of the semicircle) and the 
lessening of the curvature of the semicircle might possibly be 
interpreted as leveling, but could with equal probability have 
resulted from some such influence as object-assimilation. 
The short line of the acute angle becomes shorter (at 10 min. 
and 7 days); we offer no hypothesis to account for this. There 
is nothing, then, in the directions of the asymmetries found in 
the case of the eight characteristics discussed in this para- 
graph which is directly contrary to the principles of Gestalt 
theory. It must be only too evident, however, that the sug- 
gested hypotheses are almost purely ad hoc, and that the facts 
themselves are not adequate to decide the theoretical issues. 
Although they seem to us to be interesting and suggestive 
facts, additional knowledge is needed to make them crucial. 

Summarizing the discussion for all eleven characteristics, 
it may be concluded that where definite expectations could be 
set up in advance (and were actually so set up in the minds of 
the experimenters when the figures were chosen), the direc- 
tions of asymmetry found in the results meet the requirements 
of the laws of Pragnanz and closure. Where definite expecta- 
tions were not possible, there appears in the results nothing 
which prohibits interpretations of the same kind, although 
of course there is nothing decisively in their favor. 

Further analysis, however, brings to light an aspect of the 
data which offers considerable resistance to explanations in 
terms of Gestalt trace-theory. One of the most important 
findings of Wulf and his successors was the tendency toward 
progressive change in the direction set by the first reproduc- 
tion. This finding was especially significant because it seemed 
to require a ‘dynamic’ type of explanation, and has been 
reported even by an author not sympathetic with Gestalt 
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interpretations. A glance at our Fig. II, however, will show 
that in only one of the eleven curves (that for the squareness 
of the dot figure) is there a continuous increase of asymmetry 
with increased time, although in three cases (angle of acute 
angle, length of straight line of arc-line figure, gap of open 
triangle) there appears a continuous decrease of asymmetry. 
The general failure of our results to show progressive change 
with lapse of time constitutes their most striking deviation 
from the results of the methods relying upon drawn repro- 
ductions. 

Is this difference to be accounted for by some inadequacy 
of the present experiment? Is it, for example, the result of 
forgetting (or lessened ‘availability of traces’), leading to 
more guessing on the part of the Ss, and hence, since guesses 
will be distributed equally by chance into the two categories 
of judgment, to less asymmetry? Koffka has distinguished 
three possible causes of lack of communication with old 
traces: ‘‘(1) The trace has disappeared, (2) the trace cannot 
exert an influence upon the present occasion, (3) the present 
occasion cannot communicate with the trace.” The presence 
of significant asymmetries seems to rule out all three of these 
possibilities; as for the last two in particular, it is not unreason- 
able to suppose that the method of comparison, involving as 
it does the actual exhibition of the stimulus figures at the time 
of recall, is more likely to establish firm communication with 
old traces than a method using unaided reproductions. Asa 
matter of fact, Wulf, in his experiment, was obliged to display 
parts of his original figures after the longer intervals in order 
to establish any communication at all. We therefore believe 
that the factor of uncertainty or guessing was probably less 
important in our results than in those of Wulf and the others 
who used his method. This, of course, leaves open the 
question as to how important such a factor may have been in 
both types of experiment. 

We give a similar answer to the question: is it perhaps the 
influence of the processes of perception and judgment at one 


6 Gibson, J. J. The reproduction of visually perceived forms. J. Exper. Psychol., 
1929, 12, I-39. 
16 Koffka, op. cit., 522-528. Following quotation from p. 523. 
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exposure which distorts these processes at a later exposure? 
We should be willing to argue that the process of observing 
and judging a figure as performed by our Ss is simpler and 
more straightforward than the process of attempting to recall 
without visual cues a figure exposed previously and to draw 
by hand an accurate reproduction. We asked our Ss at the 
time of each judgment to compare the figure now shown with 
the very first of its kind shown, and not with others they had 
seen in the meantime; and it may very well be that we asked 
an impossibility. But whatever grounds may be given for 
its being an impossibility seem equally applicable to the 
drawing of a reproduction which shall not be influenced by a 
previous drawing. On neither Wulf’s side nor ours is any- 
thing very definite known about the influence of previous 
judgments or drawings. Experiments are badly needed in 
which comparisons can be made of results obtained both with 
and without intervening formal recall. That such experi- 
ments have not yet been performed by others is perhaps for 
the same reason that we do not report one here: the great 
practical difficulty of obtaining sufficiently large and homo- 
geneous groups of subjects. 

On logical grounds, then, the two methods seem to be on 
the same footing with respect to the possible effects of previous 
experiences, while the method of comparison appears to have 
an advantage over that of reproduction in more easily estab- 
lishing communication with old traces. We suspect also, 
from experience with psychophysical method, that in the 
method of comparison there is likely to be less of the verbal 
analysis that has been reported by the students of memory 
changes. The whole situation will be more satisfactory when 
the questions we have raised can be answered by experimental 
evidence. At any rate, we do not see that our failure to find 
progressive changes can be attributed to either of the causes 
we have mentioned. 

A third possibility, and one which cannot be dismissed 
lightly, is that this failure is due to statistical treatment of the 
Ss in groups, when in the other experiments the results of the 
Ss were considered individually. One could assume that 
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various individuals among our Ss perceived the figures in 
different ways, and that they could therefore be expected to 
show memory changes in different directions. A balancing of 
directions and amounts of change might conceivably be pro- 
duced in this way. Against such an interpretation is the 
irregularity of the changes. In seven cases (curves I, 2, 5, 6, 
7,8, 11) the curves of Fig. II move in one direction from 3 min. 
to 10 min., and in the opposite direction from Io min. to 7 
days. The statistical reliability of the changes of direction of 
these curves is difficult toestimate. Since the homogeneity of 
the populations involved is suspect, we should not like to rely 
upon simple measures, nor do we wish to over-statisticize the 
data. It is possible, then, to consider the irregularities to be 
the result of a high degree of variability, in which case they 
cannot be held against the ‘balancing’ effect suggested above. 
But if progressive increases in asymmetry are covertly present 
in the results, it is then necessary to assume, first, that just 
the right amounts of change in opposite directions to produce 
approximate balancing existed in each group of judgments, and 
second, that the balancing itself has been obscured by varia- 
bility. We consider it more reasonable to accept the results 
at something nearer their face value, and to conclude that 
progressive changes are not present. 

The definite and consistent asymmetries must still be ex- 
plained. In discussing them above we have had to refrain 
from offering them as crucial to available theories, although in 
some instances they appear favorable to Gestalt theory. 
Aside from the question of immediate explanation, it may be 
pointed out that nothing seems to prevent one’s calling the 
asymmetries ‘time-errors,’ and thereby recognizing the prob- 
able fundamental identity of the problems of the time-error 
and of memory changes, which have been in the past too 
frequently divorced from each other. We see no good reason 
why one man should be an expert on the time-error and 
another on memory changes. This is not to overlook the 
psychological differences of judging, remembering, repro- 
ducing and recognizing. But the search for processes under- 
lying all of these activities can be rich in suggestions for 
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experiment and must eventually lead to more powerful and 
comprehensive theories. Professor Koffka’s trace theory is an 
example of the success that can attend such an effort, whether 
or not one likes trace theories in general or this one in particu- 
lar. Such a broad theory would not have been possible had 
Koffka not been bold enough to see beyond the superficial and 
mechanical differences which often obscure more fundamental 
likenesses. ‘The method and results of this experiment may 
be of use in helping to remove non-essential boundaries that 
have been set between the domains of the time-error and 
memory changes. 


SUMMARY 


Six simple figures were exposed visually to groups of Ss, 
who made judgments on I! characteristics of the figures 3 
min., 10 min. and 7 days after the first exposures. Definite 
asymmetries of the judgment distributions were found; these 
asymmetries showed a high degree of consistency at the three 
time intervals. No general tendency toward progressive 
increase in asymmetry was found. Results which can be 
interpreted under the laws of Pragnanz and closure were 
obtained in the case of three of the eleven characteristics; for 
the other eight the results were inconclusive in the absence of 
further knowledge. The methods of comparison and repro- 
duction are discussed, with indications of some advantages of 
the former. The probable basic identity of the problems of 
the time-error and memory changes is suggested. 


(Manuscript received April 22, 1937) 








AN EXAMINATION OF THE COMPUTING ABILITY 
OF MR. SALO FINKELSTEIN 


A. ADMINISTRATION, DESCRIPTION OF THE TESTS, AND 
GENERAL PsyYCHOLOGICAL CONCLUSIONS 


BY JAMES D. WEINLAND 


B. StatisticAL ANALYSIS OF THE CORRELATION BETWEEN 
NuMBER OF SEPARATE Acts OF ATTENTION IN TESTs, 
WITH TIME REQUIRED, AS WELL AS WITH 
ACCURACY OF PERFORMANCE 


BY W. S. SCHLAUCH 


I. CHARACTER AND BACKGROUND OF THE SUBJECT 


Salo Finkelstein, Jewish, 35 years old, born in Lodz, 
Russia, now Poland, and carrying references proclaiming him a 
‘lightning calculator’ to be compared with Dr. Ruckle, Inaudi 
or Diamondi, presented himself at the laboratory of New York 
University, School of Commerce, and offered to subject his 
calculating ability to examination and test. 

He gave the following information: As a boy in school he 
did his number work more quickly than the average student, 
and liked arithmetic better than history or geography, but he 
had no premonition of the calculating ability which he was 
later to discover in himself. When he was 23 years old, and 
out of school, a friend of his claimed that he could multiply 
mentally two numbers of three digits each. F. tried it and 
found he could do even better. He easily multiplied in his 
head two numbers of six digits each! F. analyzed the process 
and found that to multiply numbers by memory, it is not 
necessary to be a good calculator, but it is necessary to have a 
good visual imagery to keep the numbers in mind. He tried 
to repeat both acoustically and visually presented numbers. 
He did it well and began demonstrating for the public. He 
lost interest however and gave up the practice till his 27th 
year when he read a newspaper account of a man with a good 
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memory for numbers. He recalled his own success of the 
previous years and tried again. This time he gave demonstra- 
tions to which medical men, teachers, scientists and the news- 
papers were invited. He tried to do things never before 
attempted and did them without mistake. Soon after this 
he was employed in the State Statistical office of the Polish 
Government. He frequently was assigned to the treasury 
department on special problems where especially quick and 
exact work was necessary. In calculating budgets, sums 
must be combined in various ways, and the results known 
quickly. This he did for the treasury. He worked for the 
government for II years and in that time not a single error 
was found in any of his calculations. The explanation of this 
is that he always checked his work, doing the problem in some 
other way than at first. It is his custom still to check each 
calculation he makes and in his public performances he usually 
follows his statement of the answer with the words, “‘check 

. no mistake.” If any mistake is found after he gives the 
signal, F. has made the standing offer that he will pay $100 to 
have it pointed out. 

In 1928, F. was invited by Professor Hans Henning in 
Danzig for a test. As Prof. Henning had previously tested 
Ferroll and Ruckle he could make a comparison. He found F. 
a superior calculator but was most interested in the associa- 
tions he found with numbers. F. had an esthetic feeling in 
regard to numbers. He felt in them a beauty comparable to 
music or art. In 1930, at the age of 33 F. was invited to the 
international convention of insurance mathematicians in 
Stockholm. This group confirmed the previous judgments 
that his abilities were marvelous. In 1931 F. gave up his 
position with the government to go around the world to 
demonstrate his abilities and submit to scientific tests. He 
was tested. by Bela Sandor in the Institute of Industrial 
Psychotechnics in the Technical Highschool in Berlin. This 
investigation is reported in Character, 1, 1932, page 47. 
Sandor found his memory for letters average, his memory for 
drawing below average. In the United States F. demon- 
strated in a number of universities. For a period covering 
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several months F. came frequently to the School of Commerce, 
New York University, and submitted to the tests in calcula- 
tion presented here. He did not wish to take an intelligence 
test. His calculating abilities speak for themselves. 


II. THe Susyecr’s AtrirupE Towarp His Own ABILITY 


F. can analyze and give some insight into his own mental 
processes. He has studied psychology, especially that relat- 
ing to memory, and knows of the performance of the preceding 
lightning calculators. But with all his ability to manipulate 
numbers, F. is not a mathematician. By using his special 
abilities he is able to make calculations he believes of value to 
mathematicians and also to many others. For instance, con- 
cerning mathematical processes, he is able to reduce numbers 
to the sum of three or four squares very rapidly. Thus he 
reduced 9,413 to the sum of 95? plus 12? plus 12? plus 10? in 
ten seconds. No principle or law explaining how this can 
be done is known. 

So far as we can observe, F. works merely by trial and 
error, but works so rapidly that it would be possible to gather 
a great amount of data concerning his methods in a short time. 
General principles might possibly be derived if we had more 
detailed and elaborate data on his methodology. 


III. THe Tests AND THE Data THEY YIELDED 


Various devices were used in the calculating tests. A 
pendulum chronoscope was connected with a balloptican, in 
such a way that time was measured as long as the figures were 
projected on the screen. F. threw the light on and snapped a 
switch in his hand, turning it off, as soon as he felt that he 
could answer the problem. The whipple statistoscope was 
used for some exposures. The calculating tests requiring 
more than four seconds were measured with a stop watch. 
A paper with a problem written on it was presented to F., or 
while his back was turned the problem was written on the 
blackboard. At the signal, beginning the time measurements, 
F. turned, made a line through the numbers and wrote down 
the result. Drawing the line seemed to help him, as though 
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‘he was prodded with a stick.”” When he was trying to work 
very fast he would draw the line with more emphasis. In 
dificult experiments he has noticed the strain on his body. 
He says he has had a pulse of 140 in some performances. ‘I 
feel not so bad today because the artist in my personality 
defends me from it, and seeing my success counterbalances the 
weakness I experience during the performance.” He reported 
that he feels the strain most when obliged to make experiments 
outside the field of numbers where his ability is ‘above average 
but not phenomenal.’ He showed a warming up curve with 
increasing concentration on each test day. He would work on 
his calculation for half a day atatime. He claimed he did not 
get tired. Hesaid there was no work toit . . . but he would 
pace back and forth under high nervous tension. He showed 
slight distractibility and little fatigue. He believes concen- 
tration to be the dominating factor. He eliminates other 
things that might influence. In more difficult calculations, 
memory is the most important thing. It is important in 
recalling at the proper time the right associations and the 
right method of work to deal with the vast quantity of material 
inthe mind. F. states that he never practices except in giving 
demonstrations. He claims that he discovered his ability and 
did not develop it. He has an active intense preference for 
complexes rather than for individual numbers. It worried 
him considerably if he made several mistakes in succession. 
He then would stop for the day. He explained that to work 
so very rapidly he had to have confidence. Anything that 
disturbed his confidence made it impossible to work. He 
claimed that he did not have eidetic imagery and stated in 
evidence of this that no matter how digits were presented to 
him, no sooner was the exposure ended than he saw the digits 
in his own handwriting. He is not dependent on mood or 
health. He can notice changes in these respects but others 
can’t tell the difference. He believes his attention and con- 
centration are always above the average; sometimes extra- 
ordinary. He could add or multiply much more rapidly than 
he could divide, and preferred these processes. Only once 
did he do a problem in division at New York University, 
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dividing mentally 67,916,288 by 8,558 and giving the correct 
answer in three minutes. He knows 300 decimals of Pi. He 
knows logarithms from 1-100 to 7 decimals. He knows 
logarithms from 100-150 to § decimals. This helps him in his 
calculations. 

He remembers many hundreds of dates, but only when the 
matter is specially interesting or when the number is ‘nice.’ 
o for instance is not ‘nice.’ The nicest numbers are combina- 
tions that happen to please. A great many tests were given 


F. at N. Y. U. The results of a few of these tests are shown 
in Tables I-III. 














TABLE I 
Time 1n SEconps oF HorizonTAL AND VERTICAL ADDITION 
Addition Time in Seconds 
Number of Number in Total No. 
Columns Column Digits 
Horizontal Vertical 
I 60 60 15.4 13.8 
2 30 60 15.7 15.9 
3 20 60 19.7 16.5 
4 15 60 14.0 19.5 
5 12 60 17.3 15.7 
6 10 60 15.1 17.6 
10 6 60 17.3 16.9 

















Methods: F. reports that simple numbers mean nothing to 
him. He likes them only when they are in complex form. 
His mental processes in adding the digits 97438759874 he 
gave as follows:9 +7+4+(3+7) +(8+5) +(7 +4) 
+ (9+ 8) = 71. In his mental calculations F. does not use 
mnemonic methods. He does not reduce the numbers to 
factors. When he multiplies in memory or on the blackboard, 
he uses well known methods from commercial arithmetic. He 
made use of the distributive law, multiplying 58 X 43 in seven 
seconds as follows: 50 = %4 of 100. % X 43 = 21.5, .’. 50 
X 43 = 2,150. 8 X 43 = 344. 2,150 + 344 = 2,494. By 
the factor method he multiplied 44 X 88, writing the answer 
atonce. 447 = 1,936. 88 = 2 X 44. 1,936 X 2 = 3,872. 
By single factor multiplication he wrote the product of 
77 X 33 immediately. 3 X 77 = 231 (X 10) + 231 = 2,541. 
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TABLE II 


Repucinc To Sum or THREE SQUARES 








Result 





Number Reportedt Time (Seconds) 
De sGds seubevisenes chases 1 1-2-2 2.0 
Niall hisil sb linn blade ereacecaninail 9-3-3 1% 
GIES Aad dah ahaa a kk ek mils (8-3-1) —(7-4-3) 4% 
SS nee eer 7-3-3 (?) 
smile dene Saebnae in eae 6-4-1 5.0 
Naa Be od ava wie Catal 5-4-2 7.0 
DU MAbAs6uktéteecadheewde (Cannot be done) 16.0 
NRE S SRE ORe pomie eee a oe (4-4-1) —(5-3-2) 3.0 
Lis ata ase amines eueaeel 4-3-2 334 
ih dds, ce bedece susieeeuie (5-1-1) —(3-3-3) 1% 
Pe Pe a 2.0 
hi ds-cied ite ewe ad aa 4-2-I (?) 
Eee eee (Cannot be done) (?) 
Peer eae LULU (?) 
876... cece cece cece eeeeees (26-10-10)—(26-14-2) 7.0 
MAA alidedidhs sinigd Gee anaeead 23-10-4 4.0 
ARE Wk wee hdres bakiaawnanee < 28-12-4 5.0 
EPS PEL eee ee: a (Cannot be done) I minute 
Garis tk buy hah Mates babes 18-10-8 6.0 
iat exit tak oie dg idle oak (Cannot be done) (?) 
RRR REE arth pipe reper et Sera! (Cannot be done) 2 min. 10 sec. 
sds weténtadetdadibaiies 20-6-6 1% 
Eee ren cae 27-13-3 3.0 
eid oe hg hie iy aes (Cannot be done) (?) 

i) 1S-13-I 3.0 
ate bi allie ai ae ata ts 23-S-I 
re hee eer 9-4-2 1.0 
iniais hdl at dinars Gian 13-4-I 7.0 
RL i acainacoee: 44 ile alaneiaaaes (Cannot be done) (?) 
EN OTS Son MeN 29-8- 12.0 
ET ene re (Cannot be done) (?) 
ise tekhsh ax cedantne wes 26-14-2 7.0 
th éh ek Chenne tine ene eaers 23-7-1 84 
Ppa rere 20-17-8 6.0 
ci hh. 0d a6 Sewn done Awad 27-4-2 4.0 
de isda octal at Bieta ice 23-13-9 834 
is anes On Chae eaa edad be 22-15-6 I min. 56 sec. 
Ges iG 6 avdeawaitin sean (Cannot be done) I min. 
Dini sented ibehsn ces oees 23-14-4 6.0 
SSS dash 66 54 hs owas dees os 20-14-3 1.0 
nti tis via ee nneeniowns IS-II-9 1.0 
as ee hk eae ee cena ae als 9-6-4 (?) 
Pit ainwebeeesebeneedubte 11-3-1 1.0 





* Note: Dissatisfied with first large number, tried to find numbers more nearly 
equal in size; couldn’t. 


t This column means, ¢.g., 129 = 117 + 2? + 27; 488 = 18? + 10? + 87. 


He used the cross product method a great deal. An example 
of the mental operations necessary to multiply a four place 
number by a four place number are as follows. In the mental 
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TABLE III 
Repucinc To Sum or Four Squares 
Result 
Number Reported* Time (Seconds) 

SEN Eerrr re 60 
reer St lll 12 
EE lll 6 
Ee errr 25 
Eee es 15 
Ss lll 15 
rer ree 3-5 
eT ere eee ge eee 81-39-5-4 50 
PRACT Te Tere! 25 
I dy nhs ok 00a ¥owe ane 4 ee 30 
is ka b:a5-00-45 64 ee onige wn vod ee 26.5 
Se 0 a's .a 0-00 ns p08 bas vee eee 10 
OE eS 10 





* This column means, ¢.g., 863 = 277+ 117 + 3? + 2? 
9413 = 95? + 127+ 12? + I0%. 


multiplication all of these operations must be held in mind till 
the final answer is given. 


— a a a 
000 00 0 
» ap ee oe 

0 00 000 


By the use of this method F. multiplied 6,943 X 7,859 and 
gave the correct answer in 17.5 seconds. 

F. stated that there is no known method of reducing 
numbers to the sum of squares. It must be done by trial and 
error. All numbers above a certain number can be reduced to 
the sum of four squares, but certain ones can not be reduced 
to the sum of three squares. Mental operations reported by 
F. in reducing certain numbers are as follows: Problem: reduce 
6,328 to the sum of four squares. Thought that 71? = 5,041. 
Thought of subtracting it; didn’t like it, so didn’t. Thought 
727. Doesn’t know it. 70? = 4,900 subtracted from 6,328 
= 1,428. Has it. 1,428 into 3 squares equals 32? + 20° 
+ 2%, .. 6,328 = 70? + 32? + 20? + 2%. Problem: reduce 
9,413 to 4 squares. Took g1?, it is 8,281. Subtracted from 
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9,413, result is 1,132. Subtracted 30’, result is 232. 232 into 
two; 144 = 127; not good; 32? = 1,024; subtract from 1,132 
= 108. Rejects this also since he can’t reduce this to two 
squares. Threw 91 away; took 95? = 9,025. Subtracted, 
388. Thought of 324 = 18; not good. Took 16? = 256. 
388 — 256 = 132; not good. 388 = 2X 144+ 100. An- 
swer 95? + 12? + 12? + 10%. 

Time: Ten seconds for each of the above problems, both 
done mentally. 


IV. GENERAL CONCLUSIONS DRAWN FROM THE TESTING 
PROCESS 


(4) Though F. calculates much more rapidly than the 
average person, his thinking processes are responsive to the 
same mental laws. His own idea that practice has no effect 
does not seem to be substantiated. This is evident from his 
work in division. He seldom demonstrates in division, has 
little practice in it, finds it somewhat difficult, and is com- 
paratively slow. F.’s learning of numerical facts and associa- 
tions has been very rapid, but it is nevertheless learning of the 
usual kind. His ‘lightning calculations’ all require time for 
their performance. Problems solved ‘immediately’ were not 
solved but recognized. F. had previously worked them and 
remembered the result. The fact that the solution-time is 
so often very short is an indication of skill and native quick- 
ness, not of any unnatural powers. 

(B) Concentration, memory, and confidence are among 
the most necessary mental qualities for this kind of work. 

(C) The fact that F. added horizontally, with little prac- 
tice, as rapidly as vertically after much practice, is significant. 
He required much less practice in horizontal addition. The 
speed may have indicated transfer of skill from the eye move- 
ments of reading, or it may be due to the wider span of hori- 
zontal than of vertical perception. With equal practice 
horizontal addition should be faster than vertical addition. 
The results indicate that, disturbing conventional accounting 
and bookkeeping systems aside, the speed of addition for 
people in general might be increased by teaching horizontal 
rather than vertical addition. 
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B. STATISTICAL ANALYSIS OF THE DATA 


BY 


W. S. ScHLAUCH 


The general psychological conclusion that even in the case 
of a computing prodigy, time is required to complete an addi- 
tion or a multiplication naturally raises the questions, “‘How 
much time is consumed?”’ and “ Does the time consumed vary 
in any regular way with measurable elements of the computa- 
tion problems solved?” The tests show that in the case of 
addition, the time needed to add depends on the number of 
digits added, and is not appreciably affected by the number of 
columns into which the digits are arranged. In multiplying 
numbers of varying numbers of digits, the evidence indicates 
that the time varies not with the number of digits, but with 
the separate acts of attention involved in the process, which 
rapidly increases as the number of digits is increased. 

The last statement is true also of addition, as the number 
of acts of attention here varies with the number of digits. 
So that in computation, whether addition or multiplication, 
the correlation seems to be between number of separate acts of 
attention and time taken, and also between number of separate 
acts of attention and accuracy of the result. 

It is important to know, not only that the time taken 
increases as the number of acts of attention involved in- 
creases, but also the Jaw of increase. or variation. Is the 
increase of time needed in proportion to the number of acts 
of attention, or does it vary as the square of the number of 
separate acts of attention? ‘These questions can be answered, 
provided the data are adequate, by a statistical analysis. 
We proceed, therefore, to a study of the correlation problems 
involved in these experimental data. 


V. CoRRELATION OF TIME CONSUMED IN ADDITION, WITH 
NuMBER OF DiGiTs To BE ADDED 


In adding a column of digits there is a separate act of 
attention for every digit added to the sum of the digits pre- 
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viously united. (Thus the span of attention is widened 
approximately in proportion to the number of digits to be 
united.) The number of columns of digits also enters into 
the problems slightly as, for example, 24 digits in one column 
involve 24 acts of summation of each succeeding digit with 
the units digit of the previous sum and the corresponding 
‘carry.’ If the 24 digits are in two columns we have the same 
number of ‘unite’ and ‘carry’ acts, but there is a break in 
registering the units digit of the sum of the first column before 
continuing with the second column. There is also the shift 
after the addition in the second column of again considering 
the digits of this result as units of the next higher order. 
There would thus be 25 acts of conscious manipulation in- 
volving attention. However, this element disturbs our results 
only slightly, as may be seen from the graph showing the 
relation of time in seconds to accomplish horizontal and 
vertical addition to the number of digits added. 

The moving average of the time for vertical addition is also 
shown on the graph. It follows a straight line trend so closely 


that we are justified in finding linear correlation of these 
elements. 
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Fic. 1. Graph of time to add, in seconds. 








392 


JAMES D. WEINLAND AND W. S, SCHLAUCH 





Correlation of Time to Add with Number of Digits Added in 
Vertical Addition 


Using the data of Table IV we may derive the equation of 
the regression line of time to add on number of digits added, by 
using the individual items. 
table in which the items in the column ‘ Number of Digits’ are 
called X, those in the column headed ‘Observed Time’ are 


TABLE IV > 


FINKELSTEIN TESTS 


Time in Seconds for Vertical and Horizontal Addition 


For this purpose we set up a 









































Vertical Adding | Horizontal Adding Vertical Adding | Horizontal Adding 
Time Time Time Time 
No. of 
Digits 
Ob- | Moving Ob- Moving Ob- | Moving Ob- Moving 
served | Average| served | Average served | Average| served | Average 
4.8 4.3 64 | 15.0] 16.3 17.0 16.1 
5-4 6.5 65 16.4 | 16.4 15.6 16.0 
6.5 6.2 6.5 6.0 66 | 20.2 | 17.8 16.8 16.6 
6.7 6.5 6.7 6.4 67 17.3 | 18.6 15.2 17.1 
7.5 6.8 6.1 6.3 68 20.2 | 18.7 18.5 17.5 
6.2 6.9 6.2 6.2 69 19.0 | 18.2 19.5 18.1 
7.0 7.1 6.0 6.2 70 | 16.6 | 18.2 17.4 18.5 
73 7.1 6.0 6.5 71 18.0 | 18.3 19.8 18.6 
7.5 7.4 6.7 6.8 72 17.4 | 18.7 17.5 18.8 
7.6 7.7 7.7 7.4 73 20.3 | 19.4 18.8 19.2 
7.6 8.0 7.5 7:9 74 | 21.0 | 20.0 | 20.8 18.6 
8.7 8.1 9.3 8.0 75 20.5 | 21.4 19.1 19.6 
8.7 8.3 8.5 8.2 76 | 21.0 | 21.4 17.0 20.4 
8.1 8.9 7.2 8.4 77 24.3 | 21.3 22.2 19.9 
8.6 9.5 8.5 9.1 78 | 20.4 | 21.7 22.8 19.9 
10.3 9.9 8.5 9.5 79 20.2 | 21.9 18.4 20.5 
11.6 | 10.6 12.5 10.1 80 | 22.8 | 22.7 19.0 21.7 
11.2 | I1.0 10.8 10.7 81 21.9 | 22.7 20.4 21.6 
11.2 | 11.2 10.0 11.3 82 28.2 | 23.7 28.0 22.8 
10.7 | 4.1 11.7 11.0 83 20.6 | 23.4 22.4 23.4 
11.2 | I0I 11.4 11.9 84 24.9 | 23.5 24.2 23.8 
11.3 | 11.3 11.2 12.3 85 21.2 | 23.5 22.2 22.7 
12.4 | 11.7 14.9 12.1 86 | 22.8 | 23.6 22.3 23.0 
11.8 11.5 12.0 12.4 87 27.9 | 23.3 22.4 22.8 
12.8 | 11.8 10.8 12.4 88 21.1 | 23.3 23.8 22.8 
10.5 | 12.1 12.8 11.9 89 | 23.5 | 23.1 23.6 23-4 
12.6 | 12.2 11.5 12.2 go | 21.0] 22.3 22.2 23.7 
14.0 | 12.4 12.5 13.1 g! 21.8 | 23.2 25.0 23.9 
12.4 | 12.9 13.2 13.1 92 | 24.2 | 23.6 24.2 24.4 
13-4 | 13.2 15.5 13.9 93 25.5 | 24.8 24.6 25.0 
13.0 | 12.9 12.8 14.0 94 25.5 | 25.8 25.8 25.3 
14.2 | 13.1 15.5 14.5 95 | 27.1 | 26.1 25.4 25.8 
12.4 | 13.3 13.0 15.1 96 | 26.9 | 27.1 26.2 26.1 
13.8 | 14.0 15.4 15.7 97 | 25.6 | 27.3 27.0 26.3 
14.3 | 14.0 18.5 15.6 98 | 30.6 | 27.3 26.0 26.3 
16.4 | 14.6 15.8 16.4 99 | 26.5 26.8 
14.4 | 15.1 15.2 16.4 100 | 26.7 25.6 
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called Y. The column headings of the table are then: X, Y, 
X*XY,and Y?. The totals of these columns are respectively: 


4665, 1201.0, 330 993, 86 939.5, and 23 112.92. 


The table itself is omitted to save space. From these 
totals we find: 


For the equation of the regression line, Y’ = a + bX, 


— ZXY — nM,M, = 86939.5 — 73 X 63.904 X 16.452 
ZX? — nM,’ 330 993 — 73 X 63.904? 
= .31, 


a = M, — bM,z = 16.452 — .3099 X 63.904 = — 3.35. 





The regression equation is: 
Fr! m — 3.35 + .384, 


where Y’ is the most probable time in seconds to add, and X 
is the number of digits added. Thus, if we wish to find the 
most probable time necessary to add 80 digits, 


y’ 


— 3.35 + .31 X 80 = 21.45 seconds. 


The experiments showed actual time taken was 22.8 seconds. 
The coefficient of correlation is given by 


- ZTXY —2M,M, i 10 191.0 
V[>X? — nMZ SY? — M7] = V32 881.4 X 3354.1 
= .972. | 


f we adjust for number of samples, calling the adjusted coef- 
ficient r, we find 





T 








7 = .968. 


The high coefficient of correlation indicates that a very 
close estimate of the time it will take this prodigy to add a 
given number of digits can be made by using the regression 
equation. ‘To measure how accurate the estimate is, we pro- 
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ceed to find the standard error of the estimate. For this 
purpose, a column of values of Y’, corresponding to each given 
X of the experiment, was calculated; then a column of values 
of Y — Y’ (or Z), and a column of values of Z?. 

The Z? column total is 190.71. 

The unadjusted standard error is 





~— Z _ 190.7 | 


from which S = 1.62 sec. 


The adjusted standard error is 


S = 1.64 sec. 


This means that there is about a 2 to 1 chance that the 
actual time taken in such an addition problem will not differ 
from the estimated time by more than 1.6 seconds. 





Time in Seconds te Add. 


oO~ MW WAYOIO~ 





27° "36 Ag so 60 To $6 qo 100 
No. of Diaics Added. 


Fic. 2. Correlation of vertical addition time with number of digits added. 
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These facts are illustrated in the following graph, Fig. 2. 
RR is the regression line, and the dotted lines SS are the limits 
of the standard error of the estimate. 

The rather wide fluctuation of the time required for the 
addition when the number of digits exceeded 80 makes §S 
wider than would be the case, if the standard error had been 
calculated from the specimens whose number of digits ranged 
from 27 to 76. 

The conclusion seems safe that the time needed for execut- 
ing the mental processes involved in adding digits is a linear 
function of the number of digits added. 

It also appears that for this individual at least, residual 
factors such as a feeling for certain digits, or other like ele- 
ments, play a small part in the process. The memory factor, 
as well, requires no more time as the number of digits increases. 


VI. STATISTICAL INTERPRETATION OF MULTIPLICATION TESTS 


In these tests, examples were given, covering the multipli- 
cation of two digits by two digits, three digits by three digits, 
four by four, and five by five. The number of separate acts 
of attention called for in these four classes of examples were 
respectively six, twelve, twenty-one, and thirty-two. The 
data are thus somewhat scanty from which to draw valid 
conclusions as to the regression line. If three digits by two 
digits, three by four, etc., had been included, we should have 
some basis for deciding whether the regression line is linear or 
follows a parabola of the type 


y=ax?+bx+e. 


Since the multiplying of one number by another involves 
not only a certain number of acts of attention which are easily 
accomplished because they have been previously routinized, 
but involves as well (and simultaneously) the mental arrange- 
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ment of partial results according to order of digits, as units, 
tens, etc. and then their summation as additional separate 
acts of attention, it may well be that the regression is actually 
a curved line. Certainly the second degree parabola would 
fit the data with a smaller standard error than the straight line 
does. Additional tests must be made to determine the real 
nature of this regression curve. The straight line regression 
affords a good estimate of the time needed by Mr. Finkelstein 
for mentally multiplying numbers up to five digits by five 
digits. 

If we average the time needed to complete each of the four 
types of example used in the multiplication test, and find the 
percent of each type solved correctly we have: 


TABLE V 


AVERAGE TimE AND Accuracy IN MULTIPLICATION 











Range of Time No. of Average Time P t 
Type of Example toComplete | Examples | {oF type | Correct 
I + 3 4 5 
aby o 6 acte)...........: 2.0-14.0 30 4.03 93-3 
el ee 5.5- 5.6 6 5-7 83.3 
4 by 4 (21 acts)...........] 12.0-18.5 10 13.5 60.0 
g by § (92 acte)...........}] 19.2-28.6 9 25.8 44.4 

















Plotting columns I and 4 shows positive correlation, while 
columns 1 and 5 show decided negative correlation. The 
linearity of the first is in doubt, but that of the second is not 
doubtful, so far as these four types are concerned. 

Since the number of items is not great we use the separate 
items in finding the coefficient of correlation and the equation 
of the regression line. This, of course, gives a more accurate 
result than if a double entry table had been used. The details 
of the calculation can be understood by inspecting the follow- 
ing table and the formule following it. 
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TABLE VI 
I 2 3 4 5 6 7 8 9 10 II 
No. | Time 
Actsof| in 
Atten- | Sec- 
tion | onds 
X Y | F|FX| FY FX? Fy? FXY y’ |Z=Y-Y’| F2 
6 2.0} 1} 6] 2.0 36 4.00 12.0] 3.4 — 1.4 1.96 
6 7.0} 1} 6| 7.0 36 49.00 42.0] 3.4 + 3.6 12.96 
6 4.0] I} 6] 40 36 16.00 24.0] 3.4 + 6 .36 
6 9.0} 1} 6] 9.0 36 81.00 54.0] 3.4 + 5.6 31.36 
6 |14.0] 1] 6] 14.0 36 | 196.00 84.0] 3.4 + 10.6 112.36 
6 1.0| 4] 24] 4.0 144 4.00 24.0] 3.4 — 2.4 23.04 
6 3-5} 3] 18] 10.5 108 36.75 63.0] 3.4 + .!1 .03 
6 4.7| 4| 24] 18.8 144 88.36 112.8] 3.4 + 1.3 6.76 
6 5-5 | 4| 24] 22.0 144 | 121.00 132.0] 3.4 + 2.1 17.64 
6 2.8| 5] 30] 14.0 180 39.20 84.0] 3.4 — 6 1.80 
6 3.11 5| 30| 15.5 180 48.05 93.0] 3.4 —- 3 45 
12 §-5§| I] 12] 5.5 144 30.25 66.0] 8.2 — 2.7 7.29 
12 5-5 | 2] 24] 11.0 288 60.50 132.0] 8.2 2.7 14.58 
12 5-6] 3] 36| 16.8 432 94.08 201.6] 8.2 2.6 20.28 
21 | 18.5] ©] 21] 18.5 441 | 342.25 388.5 | 15.4 + 3.1 9.61 
21 | 12.0] I] 21] 12.0 441 | 144.00| 252.0] 15.4 — 3.4 11.56 
21 |17.5| I] 21] 17.5 441 | 306.25 367.5] 15.4 + 2.1 4-41 
21 | 12.3 | 2] 42] 24 882 | 302.58 516.6] 15.4 — 3.1 19.22 
21 | 13.0] 2] 42] 26.0 882 | 338.00 546.0] 15.4 — 2.4 11.52 
21 | 12.1] 3] 63] 36.3 | 1,323 | 439.23] 762.3]15.4| — 3.3 32.67 
32 | 19.2] I] 32] 19.2 | 1,024 | 368.64] 614.4] 24.2 — 5.0 25.00 
32 | 26.3} 2] 64] 52.6] 2,048 | 1,383.38] 1,683.2] 24.2 + 2.1 8.82 
32 | 28.6) 2| 64] 57.2 | 2,048 | 1,635.92] 1,830.4] 24.2 + 4.4 38.72 
32 | 25.8] 2| 64] 51.6] 2,048 | 1,331.28] 1,651.2] 24.2 + 1.6 5.12 
32 | 26.0] 2| 64] 5§2.0| 2,048 | 1,352.00] 1,664.0] 24.2 + 1.8 6.48 
55 | 7501 521.6 | 15,570 | 8,811.72 | 11,400.5 424.00 











Mz = i = 13.636, M, = ate = 9.484. 


For Regression line Y’ = a + bx, 


py = LXY — nM.My _ 11400.5 — 55 X 13.636 X 9.484 








=(X?) — 1M? — 15570 — 55 X 13.6367 
= .8024, 
a = M, — 6M, = 9.484 — .8024 X 13.636 = — 1.458. 
The Regression Equation is: Y’ = — 1.458 + .802X, 


where X = No. acts of attention involved in problem, 
Y’ = No. seconds required to solve on the average. 
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For the Coefficient of Correlation: 








2 TXY — nM,M, 
V[Z(a4) = 0M) L(Y) = 0,7)’ 
4287.69 _ 4287.69 _ 








7 “ = 8344. 
” * 5343.27 X 4947.04 5138.93. > +4 


If we adjust r for the number of samples, 7 being the adjusted 
coefficient, as r is the unadjusted coefficient, we have: 


r = .831. 


We may thus estimate the time in seconds it will take this 
prodigy to find the result in multiplying, up to 5 digits by 5 
digits by the equation 


Y’ = — 1.458 + .802X, 


and most of the variation of time required is accounted for by 
the number of separate acts of attention involved in the 
multiplication of the separate digits and the addition of the 
partial results. 

To find the standard error of the estimate made from this 
regression line we find Y’ for X = 6, 12, etc., and find the 
residuals of the separate trials. 


If X = 6, Y’ = — 1.458 + 4.812 = 3.354. 
X = 12, Y’ = — 1.458 + 9.624 = 8.166. 
X = 21, Y’ = — 1.458 + 16.842 = 15.384. 
X = 32, Y’ = — 1.458 + 25.664 = 24.206. 


These values, given by the regression equation, fall between 
the actual averages. We use these values in columns g, I0 
and Il. 3 

The unadjusted Standard Error of the Estimate (made by 
our regression line), is 





2 
$2 = Z _ 424.00 
n—I 54 
*. Sye = 2.80 sec. or 2.8 prac. 


= 7.8518, 


For the adjusted Standard Error: 


Sjz = 2.83. or 2.8 practically. 
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This means that if we estimate the time it will take Mr. 
Finkelstein to finish a problem in multiplication of the above 
type from the number of acts of attention involved in the 
problem, and repeat this a considerable number of times, 
approximately 68 percent of the actual times would not differ 
from their corresponding estimated times by more than 2.8 
seconds. 

On the accompanying graph, the Regression line is shown, 
and a band on either side, 2.8 seconds wide, limited by the 
dotted lines, shows the region within which 68 percent of the 
estimates will fall. 

The separate black dots (.) on the diagram show the actual 
time records of the test. The open circles (0) show the 
average of the trials in which six acts of attention, 12 such 
acts, etc., were involved. 


n 
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No. of Separate Acts of Attention Involved. 


Fic. 3. Correlation of time required with number of separate acts of attention in 
multiplication. 
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Probable Curved Regression Line for Time Required in 
Multiplying 
If we use the method of least squares to fit a second degree 
parabola to the average data: 


No. Acts of Attention (X) Time to Complete (Y) 
Decided: dpb saks 3) 09040540080062 
ins bb ckhecsialedannskaeeesndueneckn-oeee 
EE ee eee ee er ee 
I Oe 


we find that the equation is: 
Y’ = .0212X? + .0473.X + 2.6994. 


The calculated values for Y (Y’) for X = 6, 12, 21, 32 re- 
spectively are: 
3-75, 6.32, 13.04, 25.92. 

This, of course, is a better fit than the straight line, and would 
greatly reduce the standard error of the estimate. If the 
data for 9, 12, etc. acts of attention fell near this parabola 
we should be reasonably sure that for multiplication, the time 
of performance increased faster than shown by the linear 
regression, and tended to vary as the square of the number 
of acts of attention. 

This parabolic regression line is indicated on the graph, 
labeled PP, while the linear regression is labeled RR. 


VII. ReEcGREssion oF AccuRACY ON NuMBER OF SEPARATE 
Acts oF ATTENTION IN MULTIPLICATION 


It may be seen from Table V that 93.3 percent of the 
problems involving six separate acts of attention were solved 
correctly by Mr. Finkelstein; 83.3 percent of those involving 
twelve acts of attention were solved correctly, 60 percent of 
those involving 21 acts, and 44.4 percent of those involving 
32 acts of attention. 

If these data are plotted, as shown on the graph following, 
it is evident that there is negative correlation between percent 
accurate and number of acts of attention involved and that 
the regression is linear. By using the equations of condition 


adx? + bix = Ixy, 
atx +bn = dy, 
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we find the coefficients a and b of the regression line 


y=axt+b. 
Substituting the values of 2x?, Lx, Lxy etc. (where x is the 


number of acts of attention, and y the percent accurate), 


16454 + 71b = 3886.5, 


7ia+ 4b = 269.9. 
Solving, 


a 


b 


— 2.35, 
109.19. 
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70 is 20 25 30 I> 
No..of Separate Acts of Attention Involved. 
Fic. 4. Regression of accuracy on no. of acts of attention. 


y = — 2.35x + 109.19. 


The equation, showing how accuracy declines, on the 
average as the number of separate steps of attention increases 
is thus 

y = — 2.35x + 109.19. 


To test the accuracy of fit of this line, we find calculated 


average values of y, to compare with the observed average 
values. 
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(Calc. y) (Obs. y) = (Devia.) 


If x= 6, y = 95.1 93-3 + 1.8 
x = 12, y = 81.0 83.3 — 2.3 
x = 21, y = §9.8 .O — 0.2 
x = 32, y = 34-0 33-3 + .7 


It may be seen that the sum of the deviations of the ob- 
served average accuracy percents from the calculated values 
is zero. 

If our regression line equation gives the correct formulation 
of the relation involved, we should be able to calculate within 
very narrow limits of error the percent of problems this prodigy 
would solve correctly for any combination of digits. Thus, 
if he tried multiplying four digits by three digits, as 7,345 
X 639, and tried such problems a number of times we should 
expect that y (percent accurate) would be, since x = 17, 


y = — 2.35 X 17 + 109.19 = 69.2. 


That is, we should expect him to have about 69 percent of such 
problems correctly solved. 


General Conclusions as to Multiplication 


1. The time consumed in multiplying one number by 
another mentally increases about .8 second for each additional 
act of attention involved, for problems of two digits by two 
digits to those of five digits by five digits. (On the assumption 
that the regression is linear.) 

2. As the number of acts of attention (or mental manipu- 
lations) is increased, the accuracy decreases rapidly. The 
decrease in percent of accuracy is 2.35 percent for each addi- 
tional act of attention involved in the Example, on the 
average. 


(Manuscript received March 29, 1937) 
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AN ATTEMPT AT CREATING SENSORY CONDI- 
TIONED REFLEXES IN HUMANS 


BY A. I. BOGOSLOVSKI 
State Institute of Psychology in Moscow 


The work described in the present paper originated in the 
following way: for a certain time we have been making ob- 
servations concerning the changes in the curve of electrical 
sensitivity of a dark adapted eye which appear when a light 
stimulation is applied to the other eye. For several days the 
experiment was daily repeated under exactly similar condi- 
tions. The light stimulation (brightness 250 luxes upon 
white) was always applied to the right eye after 50 min. of a 
binocular dark adaptation. The fact of a considerable 
heightening of electrical sensitivity under such conditions was 
already established in our joint work with S. V. Kravkov and 
E. N. Semenovskaya (7); this heightening occurred not only 
in the eye subjected to the light stimulation but in the other 
eye as well. 

In the present experiments we shall speak of such a 
heightening of electrical sensitivity due to the action as the 
light stimulation took place as usual; but soon we noticed 
that a perceptible heightening of electrical sensitivity could 
be demonstrated in both eyes not only after the light stimula- 
tion but also several minutes before its beginning. 

This fact contradicts everything we know about the 
changes of the electrical sensitivity in the course of the dark 
adaptation. The works of Achelis and Merkulov (2), 
Bogoslovski (4, 5), Schick (15) and others make it clear that 
the electrical sensitivity reaches its minimum after 15-20 min. 
of dark adaptation, then remains at this level (or even con- 
tinues to sink a little) during the rest of time passed in 
darkness. 

It seemed improbable that the phenomenon now observed 
by us could be attributed to any accidental fluctuations of 
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sensitivity; measurements taken on trained observers at- 
tained in our experiments after 10-15 min. of dark adaptation 
a high degree of precision so that they could be arranged into a 
straight line without any marked deviation. Moreover, both 
observers manifested the same phenomenon; this also speaks 
against the supposition of its being accidental. 

Seeking for an explanation we came upon the following 
statement of I. P. Pavlov: “‘ At the present time conditioning— 
a phenomenon implying in every case the activity of the 
highest nervous centers—can be extended to explain a number 
of biological processes; we know already that there exists 
conditioned leucocythosis, conditioned immunity and other 
conditioned organic processes.” 

This led us to the assumption that the spontaneous 
heightening of electrical sensitivity occuring always at the 
same minute of the dark adaptation at which in previous 
experiments the light stimulation was being applied, could be 
also considered as a sort of conditioned reaction. To deter- 
mine the validity of this hypothesis we undertook a more 
detailed investigation of the phenomenon observed. 


I. TECHNIQUE OF THE EXPERIMENT 


A brief description of the technique of measuring absolute 
thresholds of electrical sensitivity had been already given in 
our previous works (4), (5), (6), so that here only a short 
explanation will be given. 

A storage battery of 4 v. served as source of current. 
The intensity of the current was regulated by a potentiometer. 

Measurements were made by means of a spring galvano- 
meter which permitted to define the intensity of the current 
passing through the eye with a precision of 1,3-10-® ampere. 

Small silver tubes served as electrodes; one was soldered 
into a glass cup (electrode applied to the eye). Both tubes 
were filled with wet cotton. At the moment of measuring the 
threshold the first electrode was applied to the eye, the second 
put upon one of the fingers of the observer. The excitation 
was provided by closing the circuit 3 times in rhythmical 
succession. 


: 
i 
; 
; 
3 
z 
: 














‘ 
a 
a 
4 
3 
4 
h 4 
oa 
; 


SENSORY CONDITIONED REFLEXES IN HUMANS 405 


The experiment took place in a room with blackened walls 
where the observer remained during 45-50 min. previously to 
the beginning of the experiment in order to become adapted to 
a feeble light (about 3-4 luxes). This feeble illumination 
lasted throughout the whole experiment but was always put 
out at the moment when measurements were being taken 
which means that in both eyes absolute thresholds of electrical 
sensitivity were measured. All the observers who took part 
in the experiments were carefully trained before. 


II. REsuLts 


1. The heightening of electrical sensitivity in a dark 
adapted eye occurring at a definite minute of the adaptation, 
namely the same at which a light stimulation was usually 
given—is a time conditioned reflex. 

Two observers took part in the experiments with a light 
stimulation. After several days of such experiments both 
observers—one after 10 days, the other after 7 days—began 
to manifest a spontaneous heightening of electrical sensitivity 
at about the same moment of the adaptation at which the 
light stimulation was usually given, 1.¢. on the soth minute. 
Then without any warning we ceased to apply the light 
stimulation and for the next few days the experiment went on 
along the same lines as before but without light stimulation. 

We can see from Table 1 that even under such conditions 
a considerable and quite definite heightening of electrical 
sensitivity occurred at the same moment at which on previous 
experiments the light stimulation was usually applied; after 
a few minutes the electrical sensitivity began to sink again and 
sank steadily until it reached its initial level. 

After a few days during which no light stimulation was 
given, a perceptible decrease of this newly acquired individual 
reaction could be noted. Observer P. showed an obliteration 
of this spontaneous heightening of sensitivity somewhat earlier 
than observer S., namely after 5 days of experiments without 
light stimulation, while with observer S. a lapse of 6 days was 
necessary. After this time in both cases no heightening of 
electrical sensitivity at the 40-6oth minute of dark adaptation 
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TABLE 1 * 


CREATION OF A CONDITIONED HEIGHTENING OF THE ELECTRICAL SENSITIVITY OF THE 
Eye oN THE SOTH MINuTE or THE Dark ApDAPTATION.—SUMMARY OF RESULTS 





















































































































































































































































































































































Time Elapsed from the Beginning of the Dark Adaptation 
Date 1’ | 10’ | 20’ | 25’ | 30’ | 35’ | 40’ | 45’ | 50’ | 53’ | 55’ | 60’ | 65’ | 70’ | 75’ | 80’ | 85’ 
Observer P., 34 years of age 
W/IX | 171) 140) 115) — | — | 113) — | — | r13] — | — 4} 113) — | 113] — 
1935 117511371119] — | — [1131 — | — 1113) — | — J 113) — 1113] — 
DARKNESS 

o/IX | 171} 125|125| — | — | — | — | 110) — | — | — | 140] 129] 113} — 
171} 125|119| — | — | — 1 — fms] — | — | — 1149] 111) 125) — 
DARKNESS LIGHT STIMULATION DARKNESS 

rmr/IX | xr7r | rr7}rr7) — | — | — | — | 1r7 | — | — | — 1175) 149] 125) 115 
I7Q|mIS|}rI7} — | — | — | — | rs | — | — | — | 160] 149] 127] 125 
DARKNESS LIGHT STIMULATION DARKNESS 

13/IX |171]/ 119] — | 113} — | — | — |} 113) — | — | — | 163) — | 132] — 
167 |} 117] — |113} — | — 1 — 4/115] — | — 1 — 1 149| — | 1290] — 
DARKNESS LIGHT STIMULATION DARKNESS 

14/IX | 167) 113} 113} — | — | — | — | 113} — | — | — 1175) — 1132] — 
167 | 11r} 113} — | — | — | — t113| — | — | — 1 160] — | 132] — 
DARKNESS LIGHT STIMULATION DARKNESS 

1s/IX | 163/115 | — | 109] — | — | — | — | 100] — | — | — [181] — ] 117 
163 | 113] — | 109] — | — | — | — | 100] — | — | — | 160] — | 127 
DARKNESS LIGHT STIMULATION DARKNESS 

17/IX | 221] 149]} 149] — | — 1153} — | — | 149| — | — | — ] 181] — {1179 
214|149|149!| — | — |153] — | — [| 1st} — | — 1 — {181 | — 1179 
DARKNESS LIGHT STIMULATION DARKNESS 

ro/IX | 167) 125) 117] — | 113] — | — | 113] — | — | — | 163| — | 160] — 
167 | 125 | 113 | — | 113} — | — 1113] — | — | — | 163] — | 160] — 
DARKNESS LIGHT STIMULATION DARKNESS 

2a1/IX | 198} 125} 119] — | 125} — | — | — | 119} — | — | — | 181} — 1175 
198 | 125} 119} — |125| — | — | — {|119| — | — | — | 181 | — {179 
DARKNESS LIGHT STIMULATION DARKNESS 

23/IX | 170} 115} 115} — | 115} — | — | —/ 113} — | — | — | 181] 142) 125 
I71 | 11s {11s} — |115| — | — | — | 113) — | — | — | 167) 171) 149 
DARKNESS LIGHT STIMULATION DARKNESS 

26/IX | 171] 122| — | 119} — | — | — | — [127] — | — | 203] — | 203) — 
171, 122| — | 119} — | — | — | — 1127) — | — | 203] — | 203) — 
DARKNESS LIGHT STIMULATION DARKNESS 

290/IX | 181] 122} — | — | 122) — | — | 125) — | 132] — 1137] — | 120] — 
m1{125t— | — [125] — | — 1125] — 1132) — 11371 — 11290] — 

DARKNESS 
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TABLE 1 (continued) 





Time Elapsed from the Beginning of the Dark Adaptation 























































































































































































































































































































Date 1’ ro | 20 25’ | 30’ | 35’ | 40’ | 45’ | so’ | 53’ | ss’ | 60" | 6s 70’ | 75’ | 80’ | 8s’ 
Observer P., 34 years of age 
2/X 1i8rj 117} — | — | — [117] — | r19| — | — | — 1137] — | 110] — | 
181} 117) — | — | — 1117] — | 119] — | — | — 1137] — | 1190] — 
DARKNESS 
3/X 171/119} — | — | — | 119] — | — | 119] — | — 1132) — 1135) — | 125 
17I| 119} — | — | — 119! — | — | 119] — | — 1132) — | 135] — | 119 
DARKNESS 
5/X 171; 119) — | 117) — | — | — | rr7] — | — | — | 125) — | — 110 
I7ET| 11g) — | IIT] — | — | — | ar7| — | — | — | 1251 — | — Il 110 
DARKNESS 
9/X I7Zp— | — ]rrz7 yt} — | me ft arz) — |e |] ee itz — | ef 7 
17t}— | — F117] — | mt arz7t mt] me |] ee tz a] 7 
DARKNESS 
19/X 163|125| — |125| — | — | — |125| — | — | — I] 125) 125| — | — 
163/125} — |125| — | — | — |125| — | — | — | 125|)125| — | — 
DARKNESS 
Observer S., 44 years of age 
13/IX | 278|149| — | 156] — | — | — | 140] — | — | — | 278] — | — | 140 
289 |149| — | ISst| — | — | — | 142] — | — | — 1181} — | — 1156 
DARKNESS LIGHT STIMULATION DARKNESS 
14/IX | 289|153| — |139| — | — | — | 139] — | — | — | 400] 250|153| — | 149 
278|149| — |139| — ! — | — 1139] — | — | — | 208] 198|175| — | 160 
DARKNESS LIGHT STIMULATION DARKNESS 
15/IX | 327|}151| — |139} — | — | — 1137} — | — | — 1/278) — | 181] — | 181 
343 12491 — 12300 — | | 12371 | 1 om 1898) — £2681 — 1278 
DARKNESS LIGHT STIMULATION DARKNESS 
17/IX | 341] 214] — |175| — | 171] — | 171} — | — | — | 250] — | — | 250] — 
341 | 241 | — 1175) — |167| — | 171 | — | — | — | 250| — | — | 242| — 
DARKNESS LIGHT STIMULATION DARKNESS 
19/IX | 379] 153 | 156) — | 1st} — | — | 153| — | — | — | 327] — | 259] — | — 
318 | 153 | 183 | — ' 151 | — | — | 186) — | — | — 13131 — | 268) — | — 
DARKNESS LIGHT STIMULATION DARKNESS 
21/IX | 327] 108) 175| — | 181 | — | — | 175} — | — | — | 3411} 327) — | — 1313 
343 130812751 — 1 8625 — | — [2785 — | — | — 1389713131 — | — 1387 
DARKNESS LIGHT STIMULATION DARKNESS 
aa/EK | 397 | 879 | 3785 — | 878) — | — | — | 878) — | — | — 1387] — | 288] — 
327 | 179 | 875 | — | 27E 4). — | — | 1878) — | m | — 12681 — | 234) — 
DARKNESS LIGHT STIMULATION DARKNESS 
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TABLE 1 (continued) 



















































































































































































Time Elapsed from the Beginning of the Dark Adaptation 
Date 1’ | 10’ | 20’ | 25’ | 30’ | 38’ | 40’ | 45’ | 50’ | 53’ | 55’ | 60° | 65’ | 70’ | 75” | 80’ | 85’ 
Observer S., 44 years of age 
26/IX |358| 181) — | 181} — | — | — | — | 108] — | — | — 13790] — 1370] — 
358 | 178 | — 1179) — | — 1 — | — 1108) — | — | — 13791 — 137901 — 
DARKNESS LIGHT STIMULATION DARKNESS 

29/IX |379| — | 108] — | 1908] — | — | 108] — | 208} — | — | 234] — | 214] — | 203 

3791 — |198} — |198| — | — | 198| — | 208| — | — | 242| — | 214] — | 203 
DARKNESS 

2/X 3909|180| — | — | — | 1908} — | 1908| — | — | 228] 228| — | 189/180] — | — 

420|198| — | — | — | 1908] — | 1908| — | — | — | 228] — | — | 198] — | — 
DARKNESS 

3/X 358/198] — | — | 198} — | — | 181] — | — | — | 228] — | 221} — | 198] — 

3581175) — | — | 181} — | — 1181} — | — | — | 234] — | 203] — |198| — 
DARKNESS 

s/X |388]/181} — | 179] — | — | — | 179] — | — | — | 198] — | 175) — | —]— 

358 j.181 | — 1179) — | — | — 1179) — 1 — | — 11908) — i178) — | — | — 
DARKNESS 

9/X 1300] — | — | 208] — |1908} — | — | — | — | — |} 203] — | 108] — | — |] — 

420| — | — | 208] — |198| — | — 1 — | — | — 1203) — 11981 — | — |] — 
DARKNESS 

19/X 399|198} — | 1908} — | — | — | 198} — | — | — |}198| — |} 198] — | — |] — 

399 !198| — |198| — | — | — | 198| — | — | — 1198] — | 198) — | — 1 — 
DARKNESS 








* In the first line everywhere the electrical sensitivity of the right eye is indicated; 
in the second line—the same for the left eye; in the third line—the conditions of 
illumination. The light stimulation was always applied to the right eye; brightness 
of the light stimulation was 2501. upon white. The electrical sensitivity is calculated 
always as the inverse value of the threshold, according to the formula E = 1/S, where 
S is the threshold expressed in microamperes (1.10~* amp.); the electrical sensitivity 
corresponding to a threshold = 10.10~* amp. is assumed to be equal to 1000. 


could be observed and the sensitivity curves recovered their 
usual form. 

The results of this series of experiments are shown (in 
mean values) upon table I. 

After a complete extinction of this conditioned reaction 
(in the sense given to this term by Pavlov) was achieved, we 
began a new series of experiments trying this time to obtain 
a similar reaction at the 40th minute of dark adaptation and 
not at the soth minute as before. 
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This time a heightening of sensitivity having the character 
of a conditioned reflex was obtained much quicker than in the 
first series. Observer S. manifested it after 4 days of experi- 
ments with a light stimulation, observer P. after 5 days. 

Now, that the fact of a heightening of electrical sensitivity 
of a conditioned reflex type was established, a number of 
questions arose. First of all the question, what exactly 
played the part of a conditioning stimulation? May be, it 
was not the time elapsed from the beginning of the dark 
adaptation but some other happening which took place during 
this time, some manipulation for instance, preceding the light 
stimulation, or it might be the time of day (the experiments 
taking place as a rule at the same hours—between 10.45 and 
I A.M.). This latter possibility, however, could be imme- 
diately excluded because one of the experiments of the first 
series (2/X) and one of the second (16/XI) had been shifted 
to the second part of the day (after 2 p.m.) and the ‘condi- 
tioned’ heightening of sensitivity occurred nevertheless in 
these experiments, just as in others of the same series. 


The other supposition was put to test in the following 
manner: 


The day after a considerable spontaneous heightening of 
electrical sensitivity on the 40th minute of dark adaptation 
had been attained (19/XI), the moment of the light stimula- 
tion was shifted to the 85th minute of the dark adaptation. 
Ten minutes before this moment the observers were warned 
that presently the light stimulation would be given. They 
were told to get ready for the light stimulation, to cover the 
left eye, to take their place before the screen. Five minutes 
after these directions were carried out, measurements of 
electrical sensitivity were taken for both eyes in the same 
manner as on other days, but no heightening of electrical 
sensitivity could be demonstrated. The observers were told 
again to be ready for the light stimulation, but it was actually 
given only 6 minutes later, and again measurements were 
taken in the interval. The result was the same—the electrical 
sensitivity remained at the same level as before the warnings 
were given. Both observers showed identical reactions 


(Table 2). 
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The results of this experiment permit us to eliminate the 
supposition that the heightening of electrical sensitivity 
observed by us could be conditioned by the experimental 
manipulations preceeding the light stimulation. 

A similar experiment carried out a month later (14/XI]I), 
that is after a period during which the temporal conditioned 
reaction became entirely obliterated gave analogous results 


(Table 2). 


TABLE 2 


Wuicu SHows THAT STAGING THE CONDITIONS PRELIMINARY TO THE LiGHT StTiImvu- 
LATION, ‘GETTING READY’ FOR IT, IS NOT SUFFICIENT TO CALL OUT A CONDITIONED 
HEIGHTENING OF ELECTRICAL SENSITIVITY IN A Dark ApapTep EYE 







































































Time Elapsed from the Beginning of the Dark Adaptation in Minutes 
Date Observer 
10’ 20’ 30’ 40’ 45’ 65’ 70’ 75’ 80’ 
Getting Getting 
ready for the | ready for the 
light stimul. | light stimul. 
66-69’ 75-80’ 
re. Becks — — — — 119 | 119 | 119 | 119 
iH....) — — — — — 119 | 119 | IIg | 119 
19/XI 
Ss. [....] — — — — — 184 | 179 | 184 | 186 
II....) — — — — — 179 184 184 184 
25-30 40-45" 
getting getting 
ready for the | ready for the 
light stimul. | light stimul. 
P. I[....] 119 | 119 | 119 _ 119 -- — — — 
Il....| 119 119 119 — 119 — — — _- 
14/XII 
S. I....] 190 | I90 | I90 — 185 — oo — — 
II....| 185 185 185 — 185 ~~ — ~- — 
- a ee 171 171 — 171 — — — -- 
II....| 171 171 171 — 171 — — — 
I, right eye 


II, left eye } electrical sensitivity. 


After the elimination of the first and the second supposition 
there remains only the third—namely, that the heightening of 
electrical sensitivity is conditioned by the lapse of time from 
the beginning of the dark adaptation until the moment when 
the light stimulation was usually given. 
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Discussion 


A question arises: can this ‘conditioned’ heightening of 
electrical sensitivity be considered as a conditioned reflex in 
the proper sense of the word?—We think that this question 
can be answered in the affirmative. 

The general definition of a reflex, given by Descartes, of 
an involuntary reaction to an outside stimulation, embraces 
also the phenomenon observed by us. 

If we take the definition of Pavlov who, together with other 
physiologists, sees the fundamental difference of a conditioned 
reflex from an unconditioned one mainly in the fact that the 
former is not an inborn but an individually acquired activity, 
then again the phenomenon observed by us seems to fall 
under this heading. 

We cannot yet tell if we have to deal in this case with the 
usual chain of three links—receptor, center, effector—though 
theoretically we see no objection to it; there is no doubt that 
two links at least of the reflex arc are here present—the first 
and the second: 1, the receptor nervous apparatus, upon which 
acts a certain agent of the outside world (light in this particu- 
lar case), 2, the nervous center, or centers, which transform 
and transmit the received impulse. Furthermore, the height- 
ening of electrical sensitivity, observed by us (unconditioned 
in the case when the action of light took place, or ‘condi- 
tioned’ when it did not), indicates clearly that physiological 
changes are taking place in the substratum of this sensitivity 
either in the peripherical or in the central parts of the organ 
of vision. 

Consequently, the central or peripherical parts (or maybe 
both) of the electrical sensitivity substratum can be con- 
sidered to play the part of the effector. 

Of course, all the questions which arise in connection 
with the conditioned heightening of electrical sensitivity 
observed by us will not be explained by the mere bringing of 
those facts under the category of conditioned reflexes; but a 
path for further investigation is thus indicated and other 
analogies come to mind, which may also be useful for the 
understanding and explanation of the experimental facts. 
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In particular, a paper by Feoktistova (12) permits us to 
trace an analogy between the facts above described and the 
secretory conditioned reflexes of a dog. Feoktistova experi- 
mented upon two dogs of which one was fed at regular 
intervals, the other given small portions of acid. After the 
procedure had been repeated about 140-150 times a spon- 
taneous secretory reaction began to occur at a given moment, 
in one case a reaction to food; in the second—to acid, though 
now neither food, nor acid were given. By a series of experi- 
ments Feoktistova proved that here it is possible to speak of 
time as a specific stimulus for the saliva glands. Feoktistova 
thinks that these reflexes belong to the group of trace reflexes. 
Pavlov advances the same opinion in his lectures (11). 

By bringing the facts observed by us under the heading of 
trace reflexes we shall by no means clear away all the difficul- 
ties. Indeed, the trace reflexes, that is, the postponed reflexes 
(as the term is commonly understood) could be postponed only 
for 3-5 minutes, and even that with considerable difficulty, 
while in our case we have to deal with much longer intervals. 

Nevertheless, there is no doubt, that the nervous system 
of man or animals is able to keep fairly accurate time reckon- 
ings (cf. the experiments of Grabensberg and those of K. 
Frobenius (13)). 

2. The metronome sound as a conditioned stimulus for the 
reaction to light stimulation. 

The conditioned reflex nature of the phenomena observed 
by us and described above seemed definitely established; still 
we undertook further steps for the verifying of this supposi- 
tion. Therefore we devised a series of experiments along 
typical lines for creating conditioned reflexes in animals. 
Three observers—P., S., and M. were selected, all three well 
trained. Our aim was to create in them a ‘conditioned’ light 
reaction to the sound of the metronome (120 beats per minute). 
The conditions were the same as in previous experiments, that 
is, the observers remained in a dark room long enough for the 
electrical sensitivity to reach a steady minimum. The sound 
of the metronome being by itself a kind of auditive stimulus 
which could perhaps act as an unconditioned stimulus upon 





a] 
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the electrical sensitivity, we tried first the action of the 
metronome sound separately, without connecting it in any 
way with the light stimulation. The observers were some- 
what surprised by this innovation but declared immediately 
that “‘the sound did not disturb them—no more than the 
ticking of a clock,” and indeed no change of electrical sensi- 
tivity could be detected subsequent to the action of the 
metronome alone. 

On the next days the experiment went as follows: the 
observers remained in a dark room until the electrical sensi- 
tivity reached a steady level; then, but everytime at a different 
moment of the dark adaptation, the metronome was started 
(120 beats per minute). ‘Two minutes after the sound had 
begun the screen before the eyes of the observers was illu- 
minated (its brightness being about 250 luxes on white). 
The sound of the metronome went on for 3 minutes after the 
beginning of the light stimulation; the duration of the latter 
being 10 min. The electrical sensitivity was measured twice 
—before the starting of the metronome and immediately after 
the end of the light stimulation. It rose considerably after 
the light stimulation, as in previous experiments. 

This combined action of light and metronome was re- 
peated 4 times for observer S., 3 times for observers P. and 
M. Observer S. had it on the 46th, the 37th, the goth and 
the 22nd minutes of the dark adaptation; observer P.—on 
the 46th, 37th and goth minutes; observer M.—on the 46th, 
the 37th and the 23rd minutes. 

Now, without giving any warning to the observers as to 
the alteration of the usual course of the experiment, we sub- 
jected them to the action of the metronome sound alone, 
unaccompanied this time by light stimulation. The duration 
of the sound was 5 min. as usual. Observers P. and S. had it 
on the 23rd minute of the dark adaptation, observer M. on 
the 17th minute. Observers P. and M. immediately mani- 
fested a conditioned reaction: a heightening of the electrical 
sensitivity subsequent to the sound could be stated on the 
very first day. Observer S. gave indefinite results, although 
she previously underwent 4 combinations of light and sound 
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and had been warned moreover that the sound of the metro- 
nome would always be accompanied by the illumination of 
the screen. After minute inquiries we succeeded in elucidat- 
ing an important point, namely that on the night before S. had 
been inhaling ether in such a quantity as to have a headache 
afterwards and insomnia. On the same day all three ob- 
servers were again subjected to the action of the metronome 
sound accompanied by light stimulation; on the next day the 
sound of the metronome was given separately and all three, 
including S., manifested a conditioned heightening of the 
electrical sensitivity (see Table 3). 

It follows from the experiment that the sound of the 
metronome can act as a conditioned stimulus for electrical 


TABLE 3 
ConpDITIONED ACTION OF THE METRONOME SouND WHEN GIVEN ALONE (120 Beats 
PER MIN.) UPON THE ELECTRICAL SENSITIVITY OF A Dark ApapTep Eve 



























































Time Elapsed from the Beginning of the Dark Adaptation in Minutes 
Ob- 
Date server 
10’ 15’ 20’ 25’ 28’ 30’ 40’ 53’ 60’ 70° 85’ 
Metronome 
22-27’ 

P.1...) 119} — | 117] — | 129 | 140] 127] — | Ig] — | — 
Il...) 119 | — | 117 | — | 129 | 140] 122] — | 119] — | — 

29/XI 
S.1*..| 175 | — | 171 | — | 189 | 189 | 163 | — | 167}; — | — 
Il. .| 175 | — | 167} — | 171 | 163 | 163 | — | 167} — | — 

Metronome 
54-59" 

PI... 2890) —- | — om i mw 5 =e | om | SOm | gee i gem 1 867 
H...f ag) — [| — |} — | — | — | — | 207 | 937 | 837 | 017 

1/XII 
S.1...] 18§ | — | — — | — | 185 | — | 185 | 228 | 250 | 185 
II...) 15} — | — — — | 185 | — | 185 | 228 | 250} 185 

Metronome 
18-23’ 

S.I...1| 179 | 179 | — | 228 | — | 214] 189 | 185 | — | — | — 
179 | 179 | — 234 | — | 228 | 189 | 185 o~ lead — 

2/XI] 
M.I..| 167 | 167 | — | 228 | — | 185 | 171 | 175 | — | — | — 
I]. .| 167 | 167 | — | 214 | — | 185 |} 171 | 175 | — | — ] — 









































* Observer S. had been inhaling ether on the night before the experiment. 
I, right eye 
II, left eye 


} electrical sensitivity. 
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sensitivity just as time did in our previous experiments. This 
demonstrates the assumption that any indifferent agent may 
be turned into a conditioned stimulus for this kind of sen- 
sitivity. 

It seems a significant fact that the formation of a condi- 
tioned sensory reflex to light requires much less time than for 
the formation of a defensive motor reflex in normal adults or 
that of a secretory reflex in dogs. Our observers needed no 
more than 5-6 combinations of a light stimulation with an 
indifferent agent to form a conditioned sensory reflex, while 
with Feoctistova dogs about 140-150 experiments were neces- 
sary and even then the secretory reflex was only beginning to 
form itself. As to the conditioned defensive motor reflex it 
seems that sometimes it does not manifest itself at all at least 
in humans (Miassischev (9), Beritov and Dzidzishvili (3)). 

The work of Beritov and Dzidzishvili shows that in the 
cases where such a conditioned reaction does not manifest 
itself a conditioned reflex is nevertheless formed, it exists 
potentially and is only consciously inhibited. We also con- 
sider it impossible to eliminate entirely the subjective attitude 
of the observers towards the experiment, conscious, or un- 
conscious, we are aware that this factor must modify to some 
extent the results of the experiment. 

The common belief is of course that the sensory sphere 
cannot be directly controlled by consciousness (and here lies 
the difference from the motor sphere). Nobody can improve 
one’s visual acuity at will. But the fact that the subjective 
attitude of the observer towards the experiment can modify 
subjective results seems established beyond doubt. The 
work of Altenburger and Kroll (1) shows, for instance, how 
suggestion can influence the chronaxy of cutaneous sensibility 
and the adequate optical chronaxy. It may then be supposed 
that the subjective attitude of the observers would not be 
without influence upon their electrical sensitivity. In order 
to verify this supposition we undertook a third series of 
experiments. 

Influence of conscious will or subjective attitude of the 
observers upon the level of electrical sensitivity of the eye. 
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First of all, we tried to investigate the question as to how 
far the subjective attitude of the observer may influence the 
already formed conditioned heightening of electrical sensi- 
tivity. The experiment proceeded as follows: having ascer- 
tained that the conditioned reaction was already formed 
(observers P. and S. manifested a quite clear conditioned 
heightening of electrical sensitivity at a given minute of dark 
adaptation—see data relating to 19/XI), on the next day when 
the experiment was just started we told the observers as if 
accidentally: “‘today you shall have no light stimulation.” 
The same was repeated two or three more times during the 
dark adaptation period. This reiteration of the instruction 
the observers attributed to the experimentator’s absent- 
mindness, they told later to a third person—‘‘He most 
probably forgot that we were told already, we remembered 
well enough, no need repeating.” 

On this day no heightening of electrical sensitivity could 
be stated at the minute when it usually occurred (40-50 
minutes after the beginning of the dark adaptation). (See 
Table 4.) 

This phenomenon cannot be attributed to the ‘extinction’ 
of the conditioned reflex because on the next day when the 
observers were warned that the ‘light stimulation’ would take 
place a considerable heightening of the electrical sensitivity 
was observed on the 40-50 min. of the dark adaptation 
(although the light stimulation was given only on the 6oth 
minute). 

The conditioned reaction to the metronome was tested in a 
similar manner (see table 6). 

After making sure that all three observers manifested a 
clear conditioned reaction to the sound of the metronome we 
told them that hence forward the sound of the metronome 
would not be accompanied by illumination of the screen so 
they need not pay any attention to it and should not get 
ready for the light stimulation. On the first day when this 
new instruction was given observers S. and M. still manifested 
a heightening of electrical sensitivity synchronous with the 
ticking of the metronome though a much feebler one than on 
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TABLE 4 


An Attempt To INHIBIT AN ALREADY ACQuIRED CONDITIONED HEIGHTENING OF 
ELectrRIcAL SENSITIVITY OccURRING ON THE 40-SOTH MINUTE OF 


THE Dark ADAPTATION. 


SUMMARY OF RESULTS 








Time Elapsed from the Beginning of the Dark Adaptation in Min. 

















































































































































































































Date 
| 1’ 10’ 30’ 35’ 40’ 43’ 50’ 5s’ | 60’ 70’ 80’ 
Observer P. 
19/XI | No warning 163 | 117] 117] — | — |127]} 137] — | 129 | 119] 113 
given 171 | 117] 117] — | — | 127] 137| — | 129 | 119] 113 
DARKNESS 
20/XI | Observers 171 | 119/117] — | — | 119/119] — | 119 | 119] — 
warned that to- |171|119|119| — | — |119|117| — | 119 | 119] — 
day no l. stimul. DARKNESS 
would be given L. stimul. 
60-69’ 
21/XI | Obs. warned 175 | 119| 117 = 129| — |140| — | 171 | 129 
that today they |171|119|117] — | — |132| — | 140] — | 156] 140 
would have a l. DARKNESS 
stimul. as usual 
25/XI | Warning: No 175 | 11 — |119] — | — | 125 = 117 | — | 119 
light stimul. 17§| 119] — | 119] — | — | 125] — | 122 | — | 117 
today DARKNESS 
Observer S. 
19/XI | No warning 398 | 185 | 189 | — | — | 203 | 234] — | 250 | 203 | 175 
at all 398 | 185 | 179] — | — | 203 | 234] — | 250 | 208] 185 
. DARKNESS 
20/XI | Warning: No 410| 179/179] — | — | 185} 185] — | 185 | 179] — 
light stimul. 410|179|179| — | — | 185] 185] — | 179 | 185) — 
today DARKNESS 
L. stimul. 
60-69’ 
21/XI | Warning: Today | 399 | 189| 189| — | — |214| — |234| — | 506|214 
a |. stimul. as 189 | 189 | 189 | — | — |214] — | 234] — | 278] 214 
usual DARKNESS 
25/XI | Warning: No 3791} 185| — |179| — | — 179| — 171 | — | 175 
light stimul. 379 | 185 | — |185| — | — | 185} — | 175 | — 1179 
today DARKNESS 
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TABLE 5 


Conscious INHIBITION OF AN ALREADY AcQuiRED ConpDITIONED HEIGHTENING OF 
THE Evectricat SEnsiTIviry (CONDITIONED BY THE SOUND OF 
THE METRONOME) IN A Dark Apaptep EYE 












































Time Elapsed from the Beginning of the Dark 
Adaptation in Minutes 
Date Obs. Note 
43 53 63 70 76 81 
Metronome 
58-63’ 
* Ee: 189 | 185 | 203 189 — — | Before starting 
ib ened 189 185 189 189 — — | the metronome 
2/XII the observers 
 * ee 171 175 189 | 185 a — | were warned that 
ikon 171 | 175 171 185 — — | the sound of the 
—_—-————_ metronome would 
Metronome not be accom- 
70-75" panied by light 
stimulation. 
Pe Bessaxst S061 Oe — 119 | 119 | 119 
II......| 119 | 119 — 119 | 119 | I19 
eee 28. 8..5.... 190 | 199 — 190 | 196 | 196 
OE 186 | 185 — 185 190 | 190 
> ae 185 | 185 “= 175 185 | 190 
er 171 185 — 185 it! 175 























I, right eye 


II, left eye } level of electrical sensitivity. 


previous days (experiment on 2/XII). On the following day 
a total absence of any changes of sensitivity subsequent to the 
action of the metronome could be stated. Observer P. gave 
clear results even on the first day—the conditioned reaction 
to sound was stopped entirely (experiment on 3/XII). Thus 
our supposition seemed demonstrated: the subjective attitude 
of the observers is apt to modify ‘conditioned’ reactions of the 
electrical sensitivity of the eye. 

Then we went further in our reasonings. If the subjective 
attitude can stop the conditioned heightening of electrical 
sensitivity, then maybe we could demonstrate the opposite: 
by suggesting a mental attitude corresponding to the condi- 
tions which usually bring out a heightening of sensitivity we 
could obtain such a heightening though no real conditions to 
elicit would be present. We instructed the observers, placed 
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as usual in a dark room, to imagine during 10 min. the condi- 
tions of the light stimulation as vividly as they could, and 
especially to try to see the illuminated screen before them 
just as it appeared when presented to them in reality. On 
the first day observers P. and S. (1/XII) found it hard to 
imagine a lighted screen for 10 min. ‘“‘We cannot concen- 
trate” they confessed. S. manifested no change of sensitivity, 
P. showed a slight heightening after the 10 min. assigned for 
picturing the lighted screen to themselves. 


TABLE 6 


Tue IMAGINING oF A LIGHTED SCREEN CAN CALL ouT A HEIGHTENING OF THE ELEc- 
TRICAL SENSITIVITY OF THE EYE 





















































Time Elapsed from the Beginning of the Experiment 
Date Obs. 
70-72 80-82 85-905 96-98 IIO-1I2 | 120-122 
M. 1 185 190 228 218 190 
2 170 176 176 218 180 
C2 195 195 215 203 190 
3.11.35 
2 190 190 228 208 186 
P. 8 120 120 135 133 123 
2 120 120 136 132 123 
I, right eye 


2, left eye \ level of electrical sensitivity. 

On another day all three observers (P. S. and M.) were 
more successful in imagining a lighted screen: all of them 
manifested also a marked heightening of electrical sensitivity; 
then, after a certain lapse of time, the sensitivity dropped 
to its former level (table 6). 

This heightening could not be accidental. The fact that 
not only one point but quite a number of them lay here on a 
higher level than the usual dark adaptation curve demon- 
strates this positively. This heightening was not momentary 
but distributed over a considerable period of time. 

It cannot be a result of fatigue following mental stress. 
The experiments of Makarov (8) and Shemiakeen (14) show 
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that intense brain work produces a sinking, not a heightening 
of electrical sensitivity of the eye. 

These last experiments do not contradict the former ones. 
Of course, in the former series although a subjective attitude 
was suggested to the observers (instruction to ‘get ready’ for 
the light stimulation) still no heightening of sensitivity oc- 
curred; but this proves only that such an attitude is insufficient 
to start the mechanisms controlling the heightening of elec- 
trical sensitivity. And it seems quite probable that by careful 
training a conditioned heightening of electrical sensitivity 
could be obtained in response even to this complex of stimuli. 

There can be hardly any doubt that the rule observed by 
us for the electrical sensitivity of the eye must be valid for all 
the sensorial sphere. 

The possibility of creating ‘conditioned’ sensory reactions 
(reflexes) in men, also the part played in the process by the 
subjective attitude, opens, it seems to us, new ways for the 
application of the method of electrical sensitivity measure- 
ments for solving many psychological and psychophysiological 
problems (particularly, for the analysis of inborn, individually 
acquired or conscious sensitivity factors). 

There is ground to think that this method may be used 
even for solving certain problems of human psychology. 
Many data obtained in psychophysiological experiments will 
find most probably an explanation, some fully, some in part, 
if one takes into consideration the phenomena above de- 
scribed. 


Summary 


1. If a person had been subjected to a series of experiments 
in which a light stimulation was given him at a certain minute 
of the dark adaptation occasioning a subsequent heightening 
of electrical sensitivity both in the stimulated and in the 
non-stimulated eye, then this person becomes apt to manifest 
a similar (though less pronounced) spontaneous heightening of 
electrical sensitivity at the same minute of the dark adaptation 
with light stimulation. 
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2. This phenomenon can be understood as a sensory 
reflex conditioned by the time elapsed from the beginning 
of the dark adaptation. 

3. A special series of experiments confirmed the supposi- 
tion that a positive conditioned sensory reflex could be 
created by other up to this time indifferent agents (the sound 
of the metronome). 

After the sound of the metronome had been combined 
several times with the light stimulation, a heightening of 
electrical sensitivity could be called out by the sound of the 
metronome alone unaccompanied by light stimulation. 

4. The subjective attitude of the observer can influence 
a conditioned sensory reaction already acquired. We have 
observed an inhibition of an acquired sensory reflex depending 
upon certain attitudes suggested to the observer. 

5. On the other hand, a vivid mental image of an illu- 
minated screen can call out a heightening of electrical sensi- 
tivity in the unstimulated eye. 

6. The phenomena observed by us are typical most 
probably for the whole sensorial sphere. 


(Manuscript received May 10, 1937) 
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ON THE DISCRIMINATION OF MINIMAL 
DIFFERENCES iN WEIGHT. III. 
THE ROLE OF FREQUENCY 


BY ALFRED H. HOLWAY, JANET E. SMITH AND MICHAEL J. ZIGLER 
Wellesley College 


I 


In several sensory modalities, differential sensitivity is 
known to decrease as the stimulating intensity is made to 
increase. Differential sensitivity to white light (1/A/), for 
example, varies inversely with brightness (J, in photons) in 
a manner that is approximately hyperbolic in form (2, 9, 12, 
19, 23). For a constant exposure-time and level of bright- 
ness, however, 1/AJ in general tends to increase with an 
increase in the size of the retinal image (13, 25). For fixed 
values of brightness and retinal area, moreover, 1/AJ varies 
directly with exposure-time (14). These findings were inter- 
preted in terms of a neurophysiological theory of differential 
sensitivity. Visual differential sensitivity was found to vary 
directly with the number of elements (= number of impulses 
per unit of time) available for the discrimination of a just 
noticeable difference in intensity of stimulation. This inter- 
pretation makes differential sensitivity the supplement of the 
volley theory of sensory intensity (32). 

Experiments analogous to those mentioned for vision 
have also been carried out in audition for loudness at a fre- 
quency of 800 ¢. p. s., with the result that new information has 
been secured concerning the mechanism of hearing (3, 28, 29). 
The reported data can be accounted for in terms of the theory 
stated above. 

For kinesthesis, it was found that differential sensitivity 
decreases with stimulating intensity (11, 15, 16), but in- 
creases as the number of elements presumably involved in 


1 The ideas basic to this notion at once call to mind a possible parallel in Lashley’s 
principle of mass action (22). 
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_the discrimination was made to increase (15, 30, 31). In 
another study it was possible experimentally to demonstrate 
that differential sensitivity to weight increases as the total 
number of elements available for the discrimination was made 
to increase. Under comparable conditions, bimanual is 
greater than is unimanual differential sensitivity (16). 

The influence of frequency upon differential sensitivity 
has not been investigated systematically. The suggestion 
has been ventured that 1/AW (expressed as a function of the 
rate of lifting) would gradually approach and then pass 
through a maximum. The purpose of the experiment re- 
ported in this paper is (a) to establish the form of the function 
relating differential sensitivity (1/AW) and the frequency of 
lifting (F), and (d) to discuss the relation that exists between 
differential sensitivity and discriminatory precision. 

Method, Apparatus and General Procedure.—As a psychophysical concept, differ- 
ential sensitivity has most frequently been employed with reference to the discrimina- 
tion of minimal differences in the intensity of stimulation. As originally used by 
Weber (30, 31), Aubert (2), Helmholtz (10), G. E. Miller (24), and others, its definition 
was established as the reciprocal of the ‘absolute’ difference between the two stimu- 
lating intensities required to occasion the report of a just noticeable difference. Such 
differences have been estimated by various procedures. From the standpoint of 
psychophysiological interpretation, however, a method of limits appears to have been 
the most fruitful. Under rigorously defined experimental conditions the procedure 
involves a controlled increase or decrease in stimulating intensity until the critical 
response is eventuated. Such results can be secured rapidly, accurately, and are 
optimally useful from a psychophysiological point of view? 

In the present experiment a method of limits was used (simultaneous presentation; 


direction of increase; continuous change). To determine the relationship between 
1/AW and F, eight frequencies were chosen: 30, 60, 90, 120, 150, 180, 210 and 240 





2 Reviewers of psychophysical methodology have at times advocated the incor- 
poration of results secured by the process of equating stimuli. To introduce equality- 
data in this way, however, may obscure the physiological meaning of the final result, 
and individuals actually productive in the experimental field have seldom employed 
this possibly confusing practice. The recognition of a difference is by no means the 
same thing as the suppression of a difference; the operations involved in the two cases 
are physiologically quite distinct. If we are ever to achieve anything more than a 
merely superficial appreciation of the neurological implications of psychophysical 
results, the advantages provided by such distinctions must not only be recognized 
but must also be continued in actual practice. By the same token, there exists no 
secure reason why the laws for the recognition of minimal increments should be the 
same as those for minimal decrements. As a matter of fact, it is becoming experi- 
mentally more and more apparent that even here a quantitative difference is to be 
expected (cf., ¢.g., 3, 8, 26). Then, too, there is the interesting question of the rate of 
application of the stimulus (7). 
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per minute. These frequencies were selected on the basis of results obtained during 
the practice-period which preceded the experiment proper. Care was taken to employ 
frequencies which were not so high as to be accompanied by strain, fatigue, or other 
disturbing effects. 

At each of the eight points, 1/AW was measured by psychophysical procedure for 
three observers (the writers). Two weights were employed: each W = 100 grm. 
These weights (two fiber cylinders) were lifted to a height of 2.5 cm., using the wrists 
as fulcrums, and then lowered; the rhythms were established by practice and governed 
by ametronome. The frequencies were employed in haphazard order. The stimulus- 
attitude was adopted by the observers. 

One of the weights was continuously increased at a constant rate until the observer 
signalled that the adjusted weight was just noticeably increased (15). The average 
difference between the adjusted and the standard weight determined the magnitude 
of AW. Throughout the experiment, the average of 10 observations constituted our 
measure of a just noticeable difference, AW. Values for the left and for the right 
hands were obtained from an observer at each of the eight frequencies on a single day. 
On the following day, the entire experiment was repeated. 


Differential Sensitivity and Frequency.—Table I contains 
the values necessary for a psychophysical description of the 
mechanism studied under these conditions. Each entry for 
an individual observer is an average of 10 measurements. 
T,w is the root-mean-square deviation of the distribution 
upon which a mean AW is based. Relations existing among 
the values entered in the table may be perceived with greatest 
economy, visually: see Fig. 1. 

The curves exhibited in this figure show the manner in 
which differential sensitivity (1/AW) varies as a function of 
frequency (F) for each of the three individual observers. The 
abscissae are spaced logarithmically for convenience. The 
circles shaded on the left stand for values secured when the 
weight held in the left hand was made to increase; those 
shaded on the right, for values obtained when the adjusted 
weight was supported by the right hand. Each circle is an 
average of 20 measurements. All functions are similar in 
form: 1/AW at first slowly increases, approaches and passes 
through a maximum, decreases and finally slopes off, as if 
tending to approach a limiting value. This description is 
specific to all of the functions shown; it therefore describes 
the most probable function relating differential sensitivity 
to the frequencies employed (17, 33). 

Theory.—These experimental results have definite impli- 
cations for the activities of the individual nerve fibers con- 
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TABLE I 
RESULTS FOR 2 Sets or EXPERIMENTS 
Each entry is based on 10 measurements for an individual observer. F is the 
frequency of lifting (in no. per minute); AW is the difference between the standard 


and the adjusted weight (in grams); o,w is the root-mean-square variation of the 
distribution upon which AW is based. In any cell, the upper set of values was ob- 















































tained in the first experiment; the lower set, in the second experiment. See text. 
A. H. H. J. E. 8. M. J. Z. 

P Left Hand Right Hand Left Hand Right Hand Left Hand Right Hand 

4W+Ongw | SWadgw | Wadaw | AW2ogw | Wa2ogw | Wacaw 
28.783 + 3.49 | 46.806+ 9.97 | 60.256+ 8.71 | 37.3914 753 | 74.782 + 15.43 | 50.11 + 19.26 
” 64.103 + 13.35 | 31.546+ 4.53 | 58.3734 4.26 | 67.7884 8.76 | 50.303 + 14.58 | 88.898+ 9.34 
24.21 + 1.9 | 37.9294 3.43 | 63.2154 5.32 | 31.7424 3.27 | 59.4494 8.43 | 38.198+ 5.27 
” 42.918+ 6.02 | 26.316+ 3.66 | 56.795+ 5.52 | 71.8234 4.67| 54.3384 4.1] 79.62 + 17.91 
22.327 + 1.48 | 24.7484 2.75 | 29.55 + 2.44| 45.9994 3.76| 40.35 + 6.53 | 22.8654 8.05 
” 27.1744 5.95) 20.4124 2.10 | 47.344+ 3.39 | 52.4554 6.26 | 32.818+ 6.61 | 73.437 + 11.85 
"26.631 + 4.29/ 32.0114 8.94) 42.7114 6.93 | 44.1164 2.81 | 37.9294 2.59 | 33.8944 7.79 
” 25.189 + 5.31) 28.5714 7.07 | 42.5024 1.43 | 47.0754 1.77 | 21.53 + 1.47 | 30.1284 2.31 
31.473 + 2.8 | 29.8594 3.43 | 45.4614 9.71 | 37.1224 7.81 | 31.2044 1.67 | 36.0462 3.50 
- 27.027 + 2.96 | 36.1014 4.15 | 43.309+ 1.76 | 47.8824 3.59 | 27.169+ 0.98 | 36.8534 6.36 
41.96 + 4.07 | 32.28 + 3.83 | 56.7554 8.85 | 47.3442 4.60) 36.8534 7.60 | 41.426+ 8.67 
os 28.571 + 4.88 | 41.3224 8.12 | 53.2624 5.16 | 53.5314 2.17 | 22.3274 4.16 | 42.502 + 10.98 
61.87 + 8.29 | 37.3914 4.79 | 65.905+ 8.46 | 61.0634 6.02 | 34.4324 2.92| 39.66 + 4.58 
as 32.154 + 6.79 | 52.6324 5.67 | 67.788+ 4.02) 56.49 + 3.50/| 32.28 + 2.55 | 33.625 + 15.51 
oe 66.712 + 6.86 | 41.964+ 5.37 | 80.000 + 11.32 | 74.074 + 13.09 | 34.364 + 11.43 | 39.216 + 13.28 
33.557 + 8.01 | 58.824 + 10.71 | 74.7824 4.74 | 60.7944 2.50} 41.6954 1.98) 40.0814 7.04 














cerned. As the frequency of lifting is initially made to 
increase, the number of fibers, and thus the number of ele- 
ments available for the discrimination of a minimal increment 
in weight may be assumed also to increase. Up to the point 
of maximal sensitivity, the results obtained in the present 
experiment can thus be brought into line with a neuro- 
physiological theory of differential sensitivity (vide supra). 
Our subjects reported negatively as regards the appearance 
of strain and fatigue effects throughout the experiment. At 
frequencies above the point of maximal sensitivity, 1/AW 
nonetheless decreases. This can be taken to mean that the 


number of elements available for the discrimination must also 
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decrease. It is to be expected that the number of excited 
nerve fibers will reach a maximal level as F is made sufficiently 
to increase under the conditions of this experiment. If we 
assume that the initial appearance of this maximal level 
coincides with the experimentally determined level (ideally, a 
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Fic. 1. Kinesthetic differential sensitivity to weight os. frequency of the lifting 
rhythm for three observers (the writers). Each circle is an average of 20 measure- 
ments for an individual observer. The circles shaded on the left are for the left hand; 
those shaded on the right, for the right hand. AW is measured in grams; F, in the 
behavioral units of ‘number of lifting movements per unit of time.’ W, the standard 


weight (= 100 grams), is a parameter. Each curve passes through a maximum as is 
to be expected from neurophysiological considerations. See text. 


point) of maximal sensitivity, then, as F is additionally made 
to increase, the number of elements (= number of nerve 
impulses per unit of time) available for the discrimination in 
question must accordingly decrease. In this way, the rela- 
tionship between differential sensitivity and frequency for 
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any one subject as determined under the conditions of the 
present experiment can be accounted for in terms of estab- 
lished principles concerning the activities of individual nerve 
fibers (1). 

Differential Sensitivity and Discriminatory Precision.—The 
first systematic attempt to consider the nature of the rela- 
tionship between a measure of differential sensitivity and one 
of observational precision for human observers was perhaps 
made by G. E. Miller (24). Muller discussed at length the 
relation, its probable origin and locus, and he concluded on 
the basis of experimental evidence that a direct proportionality 
probably exists between the two concepts. More recently, 
Thomson and Culler have sought to examine the relation for 
restricted ranges of stimuli (6, 27), and their results are 
consistent with Miller’s contention. The data for several of 
these studies were based on indices obtained by way of the 
method of constant stimuli. Crozier, however, has indicated 
an approach to the problem in terms of physiologically intelli- 
gible results secured via a method of limits (4). For several 
departments of sense, the evidence obtained by this method 
definitely suggests that differential sensitivity and dis- 
criminatory precision are directly proportional (5). For the 
discrimination of minimal differences in weight, in general, 


d(caw) , TAW 
d(aW) ~ © 3° [A 


The rate of change of caw with respect to AW is proportional 
to the ratio of the magnitudes themselves (12). When 
Caw = RAW, then 

d(oaw) ai 


d(aW) = k. [B] 


Whether or not the relation symbolized in Equation [B] is 
always obeyed precisely for all sense-departments cannot 
profitably concern us here. Points to be emphasized are (a) 
that each of these variables is organically determined, and (b) 
that, whatever its precise nature, the law relating (caw) and 
(AW) is intrinsically a law of the test-organism (consider, 


e.g., 17). 
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We have already indicated that this relation, in its more 
general form (cf. Equation A), may be independent of the 
mode of discriminating for a wide range of W-values (15). 
If it can now be shown that the same general tendency exists 
between o,w and AW as frequency is varied, but as the value 
of W(= 100 grm.) is held constant, we have then acquired 
further evidence to support our belief that the general relation 
is an organic invariant (18)—an invariant law of the human 
organism. 

Figure 2 depicts the experimental verdict as regards the 
results obtained from our three observers. In each case, 
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Fic. 2. Precision of judgment and differential sensitivity to weight. Graphs 
showing the relationship between o4w (= root-mean-square variation) and AW for 
3 observers. Each circlet is based on 10 measurements: cf. Table I. Every ordi- 
nate-value has a standard deviation (oe4w) which is directly proportional to the 
magnitude of the ordinate itself. In these experiments, the standard weight was a 
parameter; frequency, the variant. The enclosing limits are drawn on the hypothesis 
that ogaw = RAW. 


osw can be seen to increase with AW. Each plotted point is 
founded on 10 measurements for an individual subject; each 
ordinate, therefore, has itself a standard deviation (= ocaw) 
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that is directly proportional to its own magnitude. The 
enclosing limits are drawn in accordance with the theoretical 
expectation that a direct proportionality exists between these 
two organically determined variables. A complete deter- 
mination of the quantitative nature of this relationship must 
of course wait upon the results of a more extensive investiga- 
tion. For the data in hand, however, the agreement between 
theoretical expectation and experimental finding is clear. 
Differential sensitivity (1/AW) and precision of judgment 
(1/oaw) are lawfully related, and by a function that closely 
approximates one of direct proportionality. These facts 
support the conception which entertains the idea that gap is a 
measure of a capacity intrinsic to the discriminating organism, 
and is not principally the result of instrumental or methodo- 
logical ‘errors in measurement.’ 


SUMMARY 


The experimental relationship between differential sensi- 
tivity to weight and the frequency of rhythmical lifting has 
been determined bimanually at eight different frequencies for 
three observers. A method of limits was employed. For a 
constant level of intensity (W = 100 grams), differential 
sensitivity (= 1/AW) at first increases, then passes through a 
maximum, and finally decreases gradually for each observer as 
frequency is increased. This finding was accounted for in 
terms of a neurophysiological theory of differential sensitivity. 

Discriminatory precision (1/o,4w) was again found to vary 
directly with 1/AW—even though W was held constant. 
This finding tends to support the presumption that the rela- 
tion between these two concepts may be an invariant property 
of the human subject. 


(Manuscript received April 21, 1937) 
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THE AGE DIFFERENCE IN THE HEDONISTIC 
TENDENCY IN MEMORY 


BY G. M. GILBERT! 


Columbia Unwersity 


History AND SIGNIFICANCE OF THE PROBLEM 


Educational psychology and psychoanalysis come _ to- 
gether from different corners of the earth, as it were, and agree 
on at least one principle: the hedonistic tendency in memory. 
Expressed in terms of repression or censorship of associations 
unpleasant to the ego by Freud, and formulated as the law of 
effect by Thorndike, the principle remains essentially the 
same;—the more efficient retention of pleasant associations 
than unpleasant ones, or hedonistic selectivity in memory. 

The only two points on which the experimenters up to 1929 
seem to agree are: that Freudian theory is badly in need of 
experimental verification, and that all previous attempts to do 
sO in respect to this particular problem have been invalid. 
Wohlgemuth (18), for example, says: ‘‘The statement that 
unpleasant experiences are more easily forgotten than pleasant 
experiences is often found in psychoanalytic literature. 
Whether this is true or not can, I believe, only be settled by 
experimental psychological investigation; psychoanalysis does 
not and cannot furnish a scientific proof one way or the 
other.” He then goes on to criticize the validity of previous 
studies, only to suffer a like fate at the hands of subsequent 
investigators. 

The last word in this series of successive criticisms during 
this period of unsatisfactory investigation of the problem was 
spoken by Meltzer in an admirable critical review which 
appeared in 1930 (10). Meltzer pointed out the procedural 
as well as logical fallacies in almost all of the twenty-six 
experiments published from 1898 to 1929, and was probably 
responsible in no small measure for the decided change for the 


1 The author is indebted to Dr. T. A. Jackson for the supervision of this experiment. 
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better which the experimentation on this problem underwent 
at that point. 

In commenting on the serious disagreements in the results 
of the investigations before 1932, Beebe-Center (2) points out 
the possibility that some of them, at least, may be accountable 
on the basis of age differences. Wohlgemuth, for example, 
obtained negative results using children, while several other 
investigators obtained positive results using adults. 

That such a possibility exists is furthermore unintention- 
ally testified by most of the studies published since Meltzer’s 
review. Rosenzweig and Mason (13), for example, find no 
group differences in the memory value of pleasant and un- 
pleasant material (P and U), and agree with Wohlgemuth in 
denying the hedonistic advantage. ‘They do report, however, 
that such individual differences as are found seem to be a 
function of the M.A. of the children used as subjects. 

Carter (4) obtains positive results using children in the 6th 
and 7th grades at the beginning of his series of experiments, and 
presumably in the 8th and gth grades at the conclusion. This 
would probably correspond roughly to the upper M.A. group 
in Rosenzweig and Mason’s study, which also yielded positive 
results. 

Coming now to the work of Thompson (17), the only one 
using adolescents (high school students) as subjects, we find a 
slight hedonistic selectivity in the freshman group, and a more 
pronounced selectivity in the group of upper classmen. 

Of the 12 studies using college students as subjects, 8 
show positive results for the superior memory of the P as 
against U, 2 show negative results, and 2 show both. All the 
negative results, however, can be accounted for either on the 
basis of ‘unequal affective decrement’ in the affective evalua- 
tion of past experiences, or by the fact that immediate and 
not delayed recall was used in the memory test. The first 
refers to the phenomenon noted by more than one experi- 
menter, that both P and U experiences tend to lose their 
affective value as time goes on, but the U experiences suffer 
more in this respect. Obviously this fact should not be 
ignored in evaluating results. The second explanation im- 
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plies that immediate recall is not a fair test of hedonistic 
selectivity in memory. As an experimental test of the 
Freudian hypothesis, it would certainly seem that we should 
give whatever it is that he calls the censor in memory a little 
time to operate. From the point of view of the law of effect 


also, we can hardly draw conclusions from the special case 
of immediate recall. 


This analysis of recent experiments confirms Beebe- 
Center’s suspicion and leads to our hypothesis: that there 15 a 
development of hedonistic selectivity 1n memory from childhood 
to adulthood. Itis for the purpose of a preliminary test of this 
hypothesis that the present experiment is conducted. If 
affirmed, it would not only throw light on some of the results 
of previous experiments and establish the necessity for con- 
trolling the age factor in future experiments of this sort, but 


might have theoretical significance in developmental psy- 
chology. 


PROCEDURE AND RESULTS 


Twenty children and twenty adults were used as subjects in this experiment, as a 
preliminary test of our hypothesis. The children were pupils in the upper 4th year 
(4B) class in a N. Y. C. public school, averaging 94 years in age with very little 
deviation. The adults were students, teachers-in-training (laymen), and office- 
workers in the Adult Education project, ranging in age from 30 to 65, averaging about 
40. College students were not used as subjects, as in most previous experiments, 
because they were not considered sufficiently representative of an adult group, for the 
purpose of this experiment. 

Affectively-toned words were used as the most easily controlled means of com- 
paring P and U memory values objectively, although personal experiences, odors, 
puzzles, school marks, titles of poems, and current events have also been used. The 
complexity of associations involved in these, and the difficulty in obtaining valid 
affective-tone ratings, as well as the ‘unequal affective decrement’ that some undergo 
between immediate and delayed recall, offset the value of their closer resemblance to 
the real life situation. 

The following procedure determined the selection of words to be used in the mem- 
ory test: A list of fifty words was selected from lists used by previous investigators 
and a few added by the author. This list was distributed to 85 children and 85 adults 
comprising groups similar to those from which the subjects were later chosen. None 
of the actual subjects, however, received this preliminary list. In this way the possi- 
bility of insight into the hedonistic aspect of the memory test was ruled out. This 
is a factor which has not often been controlled. The subjects in this preliminary 
investigation were instructed to underline in the first of two identical columns of words 
all the words which they considered pleasant, and to put a cross next to each of the 
three words considered most pleasant of all. The same procedure was to be followed 
for unpleasant words in the duplicate column. Instructions were further elaborated 
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for the children, for whom ‘pleasant’ was defined as “something you like, or something 
you like to think about,” and ‘unpleasant’ correspondingly. The adults were merely 
told to judge by their own subjective reactions to the words. It was the experi- 
menter’s original intention to use the same list for both children and adults in the 
memory experiment, since it was expected that a list of 50 words would yield at least 
5 P and 5 U words on which both children and adults would agree. The tabulation 
of results, however, showed such distinct differences between the two groups, that 
there was no alternative but to make separate lists, although there was some over- 
lapping. 

In order to eliminate the recency-primacy advantage in the order of presentation 
of the list of words selected for the test, the list of ten test words was padded by adding 
two indifferent words at the beginning and two at the end of the list. The P and U 
words were placed alternately, but with the precaution of avoiding meaningful sequence 
cues like ‘love-mother’ or ‘ugly-friend’ as much as possible. The position factor was 
still further corrected by using two lists alternately, so that half of the subjects learned 
one list and half the other. 

The words were presented on a rotating drum which exposed them at intervals 
of 1.8 sec. Each subject was told to write down the words he remembered after the 
first complete presentation. This constituted ‘immediate recall.’ The subjects then 
recalled and recorded as many words as they could after each second presentation 
thereafter, until the entire list was reproduced. All subjects read the words aloud 
as they appeared during the first presentation, in order to assure the absence of reading 
and comprehension handicaps. 

One week later, without forewarning or previous intimation of any kind, the 
subjects were retested for recall. All S’s wrote down as many words as they could 
remember from the list learned the previous week. No time limit was set, but less 
than one minute was all that was required by most S’s to recall as much as they could. 
After the papers with the recalled words were collected, a complete list of the original 
words was given to each S. S was instructed to underline the words which were 
pleasant to him, and encircle those which were unpleasant. Then he was told to 
indicate the rank order of pleasantness and unpleasantness by writing numbers from 
1 on down next to the words selected in each category. This served as a check on the 
original selection of words, without giving the S’s any insight into the real purpose of 
the test while it was in progress. The R.O. values assigned served as a measure of 
vividness or affective potency of the words used. The P-U designations by the S’s 
of the experiment confirmed the selection of words by the questionnaire almost unani- 
mously. There was some disagreement as the R.O. of the words in each category, 
of course, but these are treated en masse in the results. 


Table I shows the total number of critical words (P-U) 
recalled by all S’s in each group immediately and after the 
interval of one week. In the few cases where the S’s P-U 
evaluation of the words recalled differed from the rest of the 
group and from the selection on the questionnaire (e.g. a 
boy did not indicate ‘love’ as pleasant) proper corrections 
were made in the totals. 
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TABLE I 
Tota, No. or Worps RECALLED 
Children Adults 
P U P U 
Immed. recall............ 26 37 27 28 
ES achiacesesans 52 53 69 56 

















Table II gives the correlation between the frequency of 
recall for each word and the R.O. of affective potency or 
vividness, as judged by the group of S’s. 


TABLE II 
Corre_. Bet. FREQUENCY OF RECALL AND R.O. or ArrecTIve Porency 











Children Adults 
SINE CURE, .cckeecdsctveds 28 .23 
OE err eee 13 





In Table I our hypothesis directs our attention principally 
to the results for delayed recall, and the relative P—U se- 
lectivity in the two age groups. The P—U division in children 
(52P-53U) is obviously pure chance. It remains, then, to 
calculate the reliability of the P-U difference in delayed recall 
for adults (69P—s5s6U). Mp is 3.45 and Mp is 2.8; D is .65. 
The opis .61 and the oy is .66. D/op equals 3.2, which means 
that our difference is very reliable. 


DIscussION 


Our results show that whereas adult memory yielded a 
hedonistic advantage of 22 percent, a statistically reliable 
difference here, children remembered P and U words equally 
well. We do not infer from this that children do not display 
any hedonistic selectivity in memory at all, but we can say 
that 94-year-old children show chance distribution of P and 
U words recalled one week after learning. What the differ- 
ence would be with younger or older children, or with a longer 
interval before recall, or with a different kind of affective 
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material still remains open to investigation. The significant 
fact here is, however, that all conditions being equal, adults 
showed a reliable hedonistic selectivity and children did not. 
This justifies Beebe-Center’s suspicion that Wohlgemuth’s 
refutation of the principle of hedonism in memory in the face 
of other affirmative studies, may be accounted for simply by 
the fact that he used children as subjects. It also confirms our 
analysis of recent and more reliable studies on the basis of the 
ages of subjects used (pp. 435-436). 

An adequate theoretical explanation for this difference is a 
bit beyond the scope of the present study, but two plausible 
explanations may be briefly indicated here. The question 
' might be raised: When child behavior is so notoriously hedon- 
istic and epicurean, while adult experience is so largely 
the opposite, how do you account for a reversal of the he- 
donistic selection in memory? We believe the answer is 
implicit in the question. The social restraint placed on 
hedonistic behavior in adults cannot be placed on natural 
thought habits or tendencies, which are primarily hedonistic. 
On the contrary, it would serve to exaggerate them as a sort 
of compensation for the social restrictions on behavior. 
Children, however, finding their hedonistic impulses com- 
paratively unrestrained, do not have to resort to such auto- 
matic measures of compensation. Lest our use of the term 
‘compensation’ prove misleading, let us hasten to explain that 
we do not use it in the conventional sense. There is no benign 
nature which gives the adult hedonistic selectivity in memory 
to compensate for the abuses of society. We refer merely to 
an automatic reaction guided by the individual’s motivation, 
set, or activity-in-progress (Woodworth). 

Another explanation might be that the distinction between 
pleasantness and unpleasantness in the higher mental proc- 
esses has not been sufficiently well developed in children, 
simply because the higher processes themselves are still under- 
going development. In other words, while the distinction 
between physical pleasure and pain may be inherent at birth, 
it may not extend to symbolic processes simply because these 
are not yet sufficiently developed. 
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Both explanations seem plausible to the writer, and they 
are by no means mutually exclusive. In any case, some 
development of the hedonistic tendency in memory is indi- 
cated by the results of this experiment. 

Another factor evident in our results is the role of vividness 
(affective potency). By comparing Tables I and II we see 
that where the advantage was in favor of U words (immediate 
recall in children), the vividness correlation was appreciable. 
Where the P—U division was about equal, the vividness cor- 
relation was less, and where the advantage was with P (de- 
layed recall in adults), the vividness correlation was negligible. 
This seems to indicate that the laws of vividness and effect 
are jointly operative and mutually complementary in the 
memory of effective material. The fact that U words are 
favored in the immediate recall of children would indicate that 
the U words were slightly more vivid on the whole than the P 
words on the list. As a matter of fact, the mean R.O. of 
affective potency for all the P words in the list of 10 was 5.6, 
and for all the U words 5.4, for children. For adults the 
mean was 5.5 for both classes of words. 

The higher vividness correlation for immediate recall than 
for delayed recall justifies our claim that immediate recall is 
not a fair test for the hedonistic factor. The negative results 
of Lynch (9g) and Balken (1) may be ignored for this reason. 

One possible objection to our interpretations may be dis- 
pensed with before concluding. It might be claimed that 
our test for delayed recall was really only a test of over- 
learning, since the first words learned and most often repeated 
during the learning period may have been principally the 
same ones recalled after one week by each S. An examination 
of the actual memory lists of the S’s, however, refutes this 
possible objection. The role of attention evidently minimized 
any tendency to over-learning of the earliest recalls. Dif- 
ferent words are irregularly recalled and omitted from one list 
to the other, until learning is complete. 
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material still remains open to investigation. The significant 
fact here is, however, that all conditions being equal, adults 
showed a reliable hedonistic selectivity and children did not. 
This justifies Beebe-Center’s suspicion that Wohlgemuth’s 
refutation of the principle of hedonism in memory in the face 
of other affirmative studies, may be accounted for simply by 
the fact that he used children as subjects. It also confirms our 
analysis of recent and more reliable studies on the basis of the 
ages of subjects used (pp. 435-436). 

An adequate theoretical explanation for this difference is a 
bit beyond the scope of the present study, but two plausible 
explanations may be briefly indicated here. The question 
might be raised: When child behavior is so notoriously hedon- 
istic and epicurean, while adult experience is so largely 
the opposite, how do you account for a reversal of the he- 
donistic selection in memory? We believe the answer is 
implicit in the question. The social restraint placed on 
hedonistic behavior in adults cannot be placed on natural 
thought habits or tendencies, which are primarily hedonistic. 
On the contrary, it would serve to exaggerate them as a sort 
of compensation for the social restrictions on behavior. 
Children, however, finding their hedonistic impulses com- 
paratively unrestrained, do not have to resort to such auto- 
matic measures of compensation. Lest our use of the term 
‘compensation’ prove misleading, let us hasten to explain that 
we do not use it in the conventional sense. There is no benign 
nature which gives the adult hedonistic selectivity in memory 
to compensate for the abuses of society. We refer merely to 
an automatic reaction guided by the individual’s motivation, 
set, Or activity-in-progress (Woodworth). 

Another explanation might be that the distinction between 
pleasantness and unpleasantness in the higher mental proc- 
esses has not been sufficiently well developed in children, 
simply because the higher processes themselves are still under- 
going development. In other words, while the distinction 
between physical pleasure and pain may be inherent at birth, 
it may not extend to symbolic processes simply because these 
are not yet sufficiently developed. 
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Both explanations seem plausible to the writer, and they 
, are by no means mutually exclusive. In any case, some 
development of the hedonistic tendency in memory is indi- 
cated by the results of this experiment. 

Another factor evident in our results is the role of vividness 
(affective potency). By comparing Tables I and II we see 
that where the advantage was in favor of U words (immediate 
recall in children), the vividness correlation was appreciable. 
Where the P-U division was about equal, the vividness cor- 
relation was less, and where the advantage was with P (de- 
layed recall in adults), the vividness correlation was negligible. 
This seems to indicate that the laws of vividness and effect 
are jointly operative and mutually complementary in the 
memory of effective material. The fact that U words are 
favored in the immediate recall of children would indicate that 
the U words were slightly more vivid on the whole than the P 
words on the list. As a matter of fact, the mean R.O. of 
affective potency for all the P words in the list of 10 was 5.6, 
and for all the U words 5.4, for children. For adults the 
mean was 5.5 for both classes of words. 

The higher vividness correlation for immediate recall than 
for delayed recall justifies our claim that immediate recall is 
not a fair test for the hedonistic factor. ‘The negative results 
of Lynch (9) and Balken (1) may be ignored for this reason. 

One possible objection to our interpretations may be dis- 
pensed with before concluding. It might be claimed that 
our test for delayed recall was really only a test of over- 
learning, since the first words learned and most often repeated 
during the learning period may have been principally the 
same ones recalled after one week by each S. An examination 
of the actual memory lists of the S’s, however, refutes this 
possible objection. The role of attention evidently minimized 
any tendency to over-learning of the earliest recalls. Dif- 
ferent words are irregularly recalled and omitted from one list 
to the other, until learning is complete. 
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SUMMARY AND CONCLUSIONS 


An analysis of the recent experimentation on the hedonistic 
factor in memory led to the hypothesis, previously hinted at 
by Beebe-Center: that the hedonistic factor in memory is 
more evident in adults than in children. As a preliminary 
test of this hypothesis 20 9'%-year-old children and 20 adults 
averaging 40 years in age were tested for recall one week after 
learning a list of words containing § P and 5 U words. The 
frequency of recall for each of the words in immediate and 
delayed recall for all S’s was noted, and the R.O. of affective 
potency for the 10 words indicated by all S’s. 

On the basis of the results of the experiment and an 
analysis of all the recent studies on the hedonistic factor in 
recall, the following general rules may be formulated: 

1. The hedonistic tendency in memory is more evident in 
adults than in children, which points to a development of 
hedonistic selectivity in memory from childhood to adulthood. 

2. The laws of vividness and effect are jointly operative 
in the selection of affectively-toned items in recall, vividness 
being more pronounced in immediate than delayed recall, 
and more pronounced in children than adults. 


(Manuscript received March 29, 1937) 
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MUSICAL EXPRESSION: AN INVESTIGATION OF 
THE THEORIES OF ERICH SORANTIN 


BY MELVIN RIGG 
Kenyon College 


Sorantin! has expounded some interesting theories as to 
the exact bases for our emotional experiences of music. He 
has approached the problem from the standpoint of the 
musician; after an exhaustive study of numerous compositions 
in which the intentions of the composer were either known or 
were evident from text or title, he has selected certain features 
which he believes to be characteristic of joy, lamentation, 
longing, and love. 

These theories seemed to the present writer to open up a 
profitable field of research. If musical phrases embodying 
the features in question were presented to auditors in a 
laboratory situation, would the emotions suggested to them 
be the ones to be expected on the basis of Sorantin’s theories? 


Twenty musical passages were consequently selected, fourteen of them being taken 
from the illustrations in Sorantin’s book, while six were composed by the present writer 
especially for the experiment. ‘These six ‘experimental phrases’ possess certain ad- 
vantages not found in the other selections, since the attempt was made to put into them 
all the features supposed to be suggestive of a certain emotion, and to exclude every- 
thing suggestive of any other emotion. The twenty musical phrases were all har- 
monized, that is, they were more than just melodies. They were played on the piano 
to the auditors. 

The selections are indicated in the first table. 

The auditors were all adult, most of them being college students enrolled in 
psychology. They represented various degrees of musical training. Their number 
varied for the different items of the experiment from 92 to 102. 

With regard to methods of procedure this question arose: Should the auditors be 
given a list of suggested emotions to be used in making their decisions, or should they be 
left without this assistance? Either method has its advantage and its disadvantage. 
If, without the aid of any list, a large number of the observers report that a musical 
selection suggests to them a certain emotion, the fact is of more significance than if they 
merely check this term in a list. The disadvantage is that the replies are apt to be so 
scattering they are hard to deal with. If a check list of emotions is supplied, the 





1 Sorantin, E., The Problem of Musical Expression, 1932, Nashville, Marshall and 


Bruce. 
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No No. Page in 
of Source of Sorantin's 
Item Measures Book 
I Written for the experiment 2 
2 “c “ce “ “e“ 4 
3 oa ye aie 4 
4 “ce ee ee “ce 4 
5 4 
6 “ ia3 “ “ 4 
7 Mozart, Magic Flute 3 37 
8 Wagner, Gotterdammerung 4 94 
9 Beethoven, Sonata Op. 106 2 83 
10 Mozart, Don Giovanni 4 63 
II Beethoven, Sonata Op. 31, No. 3 4 70 
12 Beethoven, Sonata Op. 49, No. 1 2 84 
13 Chopin, Nocturne Op. 27, No. 2 5 100 
14 Beethoven, Fidelio 4 39 
1S Beethoven, Sonata Pathétique I 46 
16 Schumann, Concerto Op. 54 9 101 
17 Mozart, Sonata for Violin and Piano, No. 18 2 85 
18 Beethoven, Fifth Symphony 4 73 
19 Chopin, Ballad in G minor 2 87 
20 Leoncavallo, Pagliacci 2 52 














responses will be nicely bunched, and easier to treat statistically, but the data will be 
partly the product of the particular list used. In an experiment subsequent to the 
present one (which will be published shortly) several instances occurred to show how, 
within certain limits, the replies of the auditors were modified when different check lists 
were used. 

It was decided to employ both methods. The phrases were first presented to the 
auditors with the question: What emotion is suggested to you by each passage? No 
information was given as to what emotions were to be expected. ‘Then the musical 
phrases were played again, the auditors being supplied with a list of possible answers. 
This check list included the five emotions which were supposedly represented by the 
selections: joy, lamentation, hopeful longing, sorrowful longing, and love. To diminish 
somewhat the suggestive force of the list three other emotions were added: anger, fear, 
and disgust. It was thought that anger and fear might really be indicated in some cases. 
Disgust was included as a joker, but there were a few responses in this category— 
registering perhaps the attitude of the auditor toward the experiment! The use of the 
list was not insisted upon, but it was generally followed. In the data to be presented 
below, the first responses, marked ‘1st’ in the tables, are those made without the assist- 
ance of any suggestions; and the second responses, marked ‘2nd’ in the tables, are those 
made with the aid of the check list. Since the first responses were quite scattering, they 
have been grouped to a certain extent for presentation. Replies specifying sadness, 
sorrow, melancholy, and lamentation have been thrown together; likewise responses of 
happy, gay, and joyful. But great conservatism has been exercised in all such groupings 
so as not to falsify the intention of any observer. 


The tables have been shortened by presenting only cate- 
gories with responses numerous enough to have some signifi- 
cance, the other responses being shown as scattering. For 
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almost every item there are a few blanks, cases in which the 
auditor made no response. These blanks are not included in 
the tables except for the hopeful longing item’, where they 
are so frequent that they indicate a serious confusion on the 
part of the observers. Occasionally this circumstance occurs 
in the case of other items, and mention of the fact will be 
made in the discussion. A further variation in the number 
of replies from item to item was caused by the fact that a few 
of the auditors took only part of the experiment. 

The tables also show the features which, according to 
Sorantin, account for each emotion. If a phrase embodies 
the particular feature, an x is inserted in the proper column. 
In some cases it is important to know how many times the 
feature occurs in the item; if it occurs twice, 2x will be indi- 
cated, if three times, 3x, etc. For other features, such as 
major mode and accelerated tempo, only one x is of sig- 
nificance, and no attempt has been made to count the number 
of staccato notes. 

The number of the item shows the order in which it was 
played. 


Joy 


Four phrases were supposed to suggest joy, as indicated in 
Table I. 

Discussion of the Items.—Item No. 2 is one of the phrases 
written especially for the experiment. In addition to the 
features listed in the table, this item has a high trill to suggest 
ecstasy.2. The phrase is clearly indicative of joy. 

Item No. 10, from Mozart’s Don Giovanni. Again the 
suggestion of joy is unescapable. 

Item No. 11, from Beethoven’s Sonata Op. 31, No. 3. 
In the first responses there are a few votes for excitement and 
for vigor or triumph. However, the proportion of the joy 
responses approaches the figure necessary to obtain a sig- 
nificance ratio of 3. In the second responses, under the 
influence of the check list, the joy replies are greatly increased. 

Item No. 18, from the coda of the last movement of Bee- 
thoven’s Fifth Symphony. The significance of the passage 


2 Sorantin, op. cit., p. 62. 
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TABLE I* 
Features SuGGEsTING Joy 








NN kn a ee ee Ee bo ag el 2 10 I! 18 





Accelerated tempo...... Sed eee ye 
Ascending fourths in ‘melody. . ie Gael ae 3 
Major mode. . Seniek wae 

Simple harmony. .. for ees 
Staccato notes. 

Forte dynamics. 

lambic or anapestic rhythm. . 
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Responses to the Joy Items 





eC ee 2 10 II 18 





Ist 2nd Ist 2nd Ist 2nd 1st 2nd 








Joy 
ee sO ee 73 55 27 
eh de whe 4m ded 93 88 76 52 





Excitement 
Bo nath we valence II 





Vigor or triumph 
ee perry 13 27 





Religion or solemnity 
eer ere II 





Anger 
eee II 





Scattering 
Se ro ere 13 18 8 17 








ee rere reek 99 gI 87 82 
as 0 bed nnsieenens 102 93 go go 





























Difference — 
Cdiff. 
Let p = the proportion of responses in any one category, and let g = the propor- 
tion of all the remaining responses. 


Then 


* The significance ratio, SR, is 


SR =*—4, 


Tp—q 


= Vo; + a2 — 2apoqrpq, 


waite. o7,= f. ++ Op = Gq, rpq =—I, 


Tp-¢ = 2p (Edgerton’s formula), 
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seems to lie between joy and vigor or triumph. In the first 
responses were 10 blanks, indicative of uncertainty on the 
part of the auditors. When the check list was given, a small 
majority was given to joy. The category vigor or triumph 
does not appear on the check list. 

Summary.—Sorantin’s theory for joy seems well founded. 
For three of the items the evidence is strong, and in the fourth 
case the passage suggests either joy or something in the 
nature of vigor or triumph. 


LAMENTATION 


There are six items in this group. The most important 
facts are summarized in Table II. 

Discussion of the Items.—Item No. 1 is a phrase written 
for the experiment. In addition to the features noted in the 
table, this item has a tremolo in the bass which, according 
to the Sorantin theory, represents the trembling of fear 
(Page 36). The tremolo suggested to the auditors in this 
experiment, however, not so much fear as anger or excitement. 
The phrase has an unhappy mood, and in a subsequent experi- 
ment it was rewritten without the tremolo, and the responses 
were overwhelmingly for lamentation or melancholy. 

Item No. 6, also one of the experimental phrases. This 
item, having no distracting features, is more successful. In 
the second responses 25 votes were attracted by the term 
sorrowful longing, which appeared on the check list. The 
question may of course arise as to whether sorrowful longing 
is distinguishable from lamentation, but there can be no doubt 
of the fact that the selection is definitely sad. 





Now let SR = 3, and for g substitute 1 — 9, 


— 
ve 


1.50 
p= SOXVNT9 


If = 100, p= .64 or 64 responses, 
N= 90, p=.65 or 58 responses, 

= 80, p= .66 or 53 responses, 

N= 70, p= .67 or 47 responses. 


Solving for p 








TABLE II 
FEATURES SUGGESTING LAMENTATION 
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Responses to the Lamentation Items 
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Item No. 7, from Mozart’s Magic Flute. In addition to 
the features noted in the table this passage contains thirds in 
the melody, supposedly characteristic of love. As may be 
seen from the responses, this selection is definitely less sad 
than is Item No. 6. There were 9 blanks in the first re- 
sponses, which, together with the scattering of replies in dif- 
ferent categories, seem to indicate uncertainty on the part of 
the observers. 

Item No. 14, from Beethoven’s Fidelio. This selection 
also has thirds in the melody. The responses for this item 
are remarkable in that there are 27 votes for joy in the first 
presentation and 17 in the second. In fact, in the second 
responses the combined votes for joy, hopeful longing, and 
love are about 50 percent of the total. After a supplementary 
investigation it was decided that these unexpected joy votes 
were the result of the tempo of the phrase, which was evi- 
dently fast enough to destroy the lamentation effect. When 
the selection was played more slowly, it seemed much sadder. 
Although this explanation must be accepted as a surmise at 
this point, the influence of a fast tempo in destroying the 
effect of sadness has been abundantly proved in a later experi- 
ment. In spite, then, of minor mode, legato phrasing, dis- 
sonance, and of three descending minor seconds in the melody, 
the phrase is not sad unless it is played very slowly. In the 
first responses to this item are 15 blanks, which are additional 
evidence of the confusion of the auditors. 

Item No. 15, the long opening measure of Beethoven’s 
Sonata Pathétique. In addition to the features listed in the 
table, this selection contains an introductory ascending pass- 
age before the descending minor second, which Sorantin 
regards as a figure of complaint (Page 45). The item seems 
to suggest lamentation or anger. 

Item No. 20, from Leoncavallo’s Pagliacci. This also 
contains the ascending figure of complaint before the descend- 
ing minor seconds. After the check list was supplied to the 
auditors, 25 of them listed the passage as sorrowful longing. 
The significance of the item lies between this category and 
lamentation. 
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Summary.—Item No. 6 shows that there is much truth in 
the Sorantin theory for lamentation. It is not clear, how- 
ever, that sorrowful longing can be distinguished from lam- 
entation. In the case of some items there were many 
responses for anger and excitement. Thirds in the melody 
apparently produced a confusion in the responses, and a 
moderately fast tempo operated in one case to destroy the 
lamentation effect. 


LONGING 


Longing is suggested, according to the theory, by intervals 
of the seventh or ninth (Pp. 76 and 78). Longing is combined 
with joy, lamentation, or love. If the ‘longing’ passage 
contains also the features of joy, it suggests hopeful longing; 
if the features of lamentation, it indicates sorrowful longing. 
The combinations of longing and love will be reserved for a 
subsequent section. There are three items supposed to 
represent hopeful longing. The data are given in Table III. 

Discussion of the Items.—Item No. 4 is a phrase written 
for the experiment. The first responses show a considerable 
scatter with such contradictory results as votes for joy and 
for lamentation, for vigor or triumph and also for calm. 
When the term hopeful longing was presented, however, 
almost two-thirds of the votes were attracted to it. 

Item No. 12, from Beethoven’s Sonata, Op. 49, No. 1. 
The first responses indicated joy and calm with 20 blanks. 
The second responses show hopeful longing, love, and joy in 
almost equal strength. 

Item No. 17, from Mozart’s Sonata for Violin and Piano, 
No. 18. The two ascending fourths in the melody may 
account for the joy replies. The item did not suggest hopeful 
longing to the observers. 

Summary.—The replies included a great many blanks, a 
sign of uncertainty on the part of the auditors. The term 
hopeful longing did not appear in significant numbers until it 
was suggested by the check list. This fact raises the question 
whether ‘hopeful longing’ is the correct term. After the list 
was given, the phrase written for the experiment was success- 
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ful in bringing forth the hopeful longing replies, but Item No. 
12 showed a mixture of hopeful longing, joy, and love, while 
the other item was, from the standpoint of proving the theory, 
a failure. 

There are also three items which are supposed to be sug- 
gestive of sorrowful longing. They are presented in Table IV. 


TABLE IV 
FEATURES SUGGESTING SORROWFUL LONGING 
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Discussion of the Items.—Item No. 3 is one of the ‘experi- 
mental phrases.” Without the check list the phrase sug- 
gested lamentation and calm, and perhaps a calm lament is not 
very different from sorrowful longing. After the list was 
presented, a majority of the votes is found under the heading 
of sorrowful longing, but lamentation and hopeful longing are 
both indicated also. 

Item No. 9, from Beethoven’s Sonata, Op. 106. Sorrow 
and calm are again represented in the first responses, which 


include 10 blanks. Even with the aid of the check list only 
about one-fourth of the auditors chose sorrowful longing. 
There were many responses for lamentation. 

Item No. 19, from a Chopin Ballad. The first responses 
indicated lamentation and calm; the second, lamentation and 
sorrowful longing. 

Summary.—For all three items the first responses show 
lamentation and calm, and it seems likely that they all sug- 
gest the same mood. Again the question is raised as to 
whether sorrowful longing is the right term, since it is not 
represented in any strength until it is suggested by the check 
list. It is not clear whether sorrowful longing can be dis- 
tinguished from lamentation. Perhaps it may be concluded 
that the items suggest something similar to lamentation, but 
less intense than the mood of Item No. 6. 


LovE 


There are four items which, according to the theory, should 
suggest love, although three of them are strongly marked 
with features of longing as well. The data are shown in 
Table V. A dolciata S-curve melody is one having an upward 
and downward oscillation. 

Discussion of the Items.—Item No. 5 was written for the 
experiment. Before the list was given, joy was far ahead of 
love. After the list was given, a majority of the votes went 
tolove. This item shows again the influence of the check list, 
but in this case both joy and love appear on the list; thus the 
situation is different from that of the preceding items since 
the term calm does not appear on the list. In the second 
responses 17 go for hopeful longing, an emotion similar to love. 
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TABLE V 
Features SuGGEsTING Love 
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Item No. 8, from Wagner’s Gotterdammerung. The first 
responses show a considerable scatter with 13 blanks. In the 
second responses joy, hopeful longing, and love are represented 
in descending order. As an example of a love theme, there- 
fore, the item cannot be considered a success. 











454 MELVIN RIGG 


Item No. 13, from Chopin’s Nocturne, Op. 27, No. 2. 
Almost half of the first responses indicate calm. After the 
list was given the passage suggested love, hopeful longing, and 
sorrowful longing. Since the item contains features for long- 
ing as well as for love, this result is perhaps in line with the 
theory. 

Item No. 16, from Schumann’s Concerto, Op. 54. In addi- 
tion to the features noted in the table, this passage is in iambic 
rhythm, a supposed feature of joy. The chords of this selec- 
tion are somewhat like those of a hymn tune, and in the first 
responses almost half of the replies were based upon this 
characteristic. After the list was given, the votes were split 
among love, sorrowful longing, hopeful longing, and lamenta- 
tion. The first three of these categories account for two thirds 
of the replies, and thus the theory is by no means disproved, 
although the votes for love are less numerous than in the case 
of the preceding item. 

Summary.—Love is not an important factor in the first 
responses. After the check list was given, love was indicated 
in a majority of the replies for Item No. 5. The other three 
items are supposed to suggest longing as well as love, and 
from this point of view two of them are fairly successful. 


SUMMARY 


This experiment is an investigation of the theories of Dr. 
Erich Sorantin, who has listed certain specific musical fea- 
tures which he believes to be suggestive of five different 
emotions. ‘Twenty musical passages, six written especially 
for this experiment by the present writer and fourteen 
selected from the classics, were played on the piano to about 
100 observers to ascertain if the emotions suggested would be 
those to be expected on the basis of the theories. The re- 
sponses were made, first without the aid of any check list of 
suggested emotions, and second with the assistance of such 
a list. 

Sorantin’s theory for joy seems to have a large element of 
truth, and the same may be said of the theory for lamentation 
in the case of the passages which are free from certain dis- 
tracting features. 








MUSICAL EXPRESSION 455 


The theories involving hopeful longing, sorrowful longing, 
and love are less certain. Replies involving these terms 
become numerous only when they are suggested by the check 
list. It is not clear that the terms hopeful longing and 
sorrowful longing are well chosen. 

Passages supposed to represent hopeful longing frequently 
called forth responses for joy. The sorrowful longing passages 
likewise suggested to many of the auditors either lamentation 
or calm. The passages supposedly depicting love produced 
many replies under the headings: joy, hopeful longing, sorrow- 
ful longing, and calm. Three of these passages, however, 
were strongly marked with the characteristics supposed to 
indicate longing. 

Responses are in part a function of the check list. No 
contradictory results were produced by introducing the list, 
but modifications were made like, for instance, the change 
from calm to sorrowful longing. 

Items written especially for the experiment produced 
better results than did the passages selected from the classics. 
This does not mean that these ‘experimental phrases’ are 
better music, but since they were written with the idea of 
putting into them everything that the theory called for and of 
excluding everything that might conflict, the fact is itself 
something in the way of a confirmation of the theory. 

Plan for Future Research—tThe present investigation was 
for the purpose of checking the Sorantin theory for each 
emotion as a whole. Ifa phrase combines all of the lamenta- 
tion features, descending minor seconds, dissonance, minor 
mode, etc., will it suggest lamentation? The next step will 
be to study the different characteristics individually to see, if 
possible, which features are important and which may be 
unnecessary. Publication of a second investigation in which 
this problem was attacked will follow shortly. 


(Manuscript received April 19, 1937) 














THE RELATION OF VIBRATORY SENSITIVITY 
TO PRESSURE 


BY B. VON HALLER GILMER 


Carnegie Institute of Technology 


INTRODUCTION 


In two previous papers (4, 5) the writer has discussed the 
sensitivity of the fingers to mechanical vibration and to 
alternating electrical currents. These experiments were di- 
rected toward a study of the general nature of the sensations 
aroused by the various modes of stimulation. One finds in 
the literature two conflicting views regarding the sensory 
mechanisms which elicit vibratory experiences. Von Frey 
(8) has held to the view that vibratory sensations, both those 
mediated by mechanical vibrators and those induced by alter- 
nating electrical currents, result from the operation of the 
so-called ‘pressure sense.” Katz (6, 7) on the other hand 
has defended a separate ‘vibratory sense.’ Geldard (3) has 
discussed the differences between these two viewpoints and 
the empirical grounds on which the two hypotheses were 
based. Ina survey of 400 spots on the ventral side of the arm 
just proximal to the wrist Geldard found 40 pressure sensitive 
and 19 pressure insensitive spots. The mechanical-vibratory 
limen for each of these 59 points was determined for a fre- 
quency of 256 cycles. The results showed unequivocally that 
those skin areas readily responsive to pressure were also highly 
sensitive to mechanical vibration, and that pressure insensitive 
areas were relatively insensitive to mechanical vibration. He 
suggests that vibratory sensations fall into a perceptual pat- 
tern of feeling of which pressure is but another temporal 
expression. 

PROBLEM 


The study reported here was an attempt to determine 
not only the skin receptors involved when stimulations are 
made by mechanical vibration and by alternating electrical 
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currents, but also to study the general distribution of these 
receptors over different regions of the body. A further aim 
was to study the nature of the experiences aroused by elec- 
trical alternating currents when the resulting sensations are 
not of a ‘vibratory nature.’ 


APPARATUS 


The apparatus used to produce the mechanical vibration was similar in principle 
to that described by Geldard and Gilmer (2). It consisted of an electromagnetic 
speaker modified in such a way that a reasonably sharp needle .17 mm in diameter 
vibrated as an extension of the armature. This unit was activated by an audio- 
oscillator with suitable amplification. The determination of the frequency, ampli- 
tude, damping, and wave form of the vibrating needle was made through the use of 
an independent electrical recording system. The method of measuring the thresholds 
of vibration has been described previously by the writer (4). 

The electrical stimulations were produced by an audio-oscillator, the currents 
being amplified and connected to the various electrodes which will be described later. 
Limens for the electrical sensations were recorded in terms of power units (milliwatts). 
These measurements were made through the use of a standard A. C. voltmeter and 


milliammeter. A detailed description of the apparatus and method used was given 
by Gilmer (s). 


VIBRATION THROUGH MECHANICAL STIMULATION 


For this study a region on the dorsal side of the subject’s 
left arm just proximal to the wrist was marked off to contain 
96 sq. mm. _ Local orienting marks were placed in this region 
by the subcutaneous injection technique described by Dallen- 
bach (1). This area was explored with the needle, one sq. 
mm at a time and recordings were made of ‘ pressure sensitive’ 
and ‘pressure insensitive’ spots. The skin gradients were 
kept constant throughout all of the experiments. By means 
of a micrometer scale in a binocular microscope and a map 
of the skin area, one could be certain to stimulate any given 
spot from time totime. The results of this exploration showed 
that although there were some differences in the limen, no 
clear line of demarcation between the sensitive and insensitive 
pressure spots was found. This area was now examined with 
the vibrating needle at four different frequency levels, 64, 
128, 256, and 512 cycles. 512 cycles was near the upper 
frequency limit of this particular skin area. In general the 
results showed that this entire skin area was about equal in 
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sensitivity; and with only a few exceptions it was more sensi- 
tive to the lower frequencies than the higher ones. 

The results of this survey, where there was little difference 
among the various spots stimulated both as to pressure and 
vibratory sensitivity, showed an interesting discrepancy from 
the findings of Geldard (3). He found clear cut differences 
between these sensitive and insensitive spots. ‘These seem- 
ingly inconsistent data led the writer to investigate whether 
these differences might be caused by a variation in skin 
texture, a distribution of end-organs, or to some other factor 
between the dorsal and ventral sides of the arm. To test 
these possibilities a bracelet of sensitivity was measured 
around the arm just proximal to the wrist. Rows of ten 
spots, one mm apart, at ten mm intervals were laid out. 
Since the arm measured 180 mm in circumference, eighteen 
rows, or a total of 180 spots were explored. 

These 180 spots were explored with the needle described 
above and a determination was made of the pressure sensitive 
and pressure insensitive spots. There were relatively more 
pressure sensitive spots on the dorsal side of the arm than on 
the ventral side. ‘Pressure’ was reported in most cases only 
when a distinct ‘heavy pressure’ was sensed. 

The vibratory threshold was obtained on each of these 
180 spots for an arbitrarily chosen frequency of 256 cycles. 
In general, it can be said, that the limens for those areas on 
the dorsal side of the arm were relatively low as compared 
to those on the ventral side, save at the pressure points 
where vibratory sensitivity was very great. On the ventral 
side of the arm there was a well marked difference between the 
sensitive and insensitive spots. Coming down the inside of 
the arm from the dorsal side this difference became more and 
more pronounced, becoming less distinct as one proceeded up 
the other side again toward the dorsal area. It is interesting 
to note, further, that the ‘pressure sensitive-vibration sensi- 
tive’ spots had relatively the same limens regardless of their 
particular distribution in the skin. Of the 180 spots explored 
17 of them were sensitive to pressure. All of these were 
highly sensitive to mechanical vibration. 
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VIBRATION THROUGH ELECTRICAL STIMULATION 


After a completion of the exploration with mechanical 
vibration a similar survey was made using alternating elec- 
trical currents, with 256 cycles, as the stimulus. A small 
needle similar to the one described above served as the active 
electrode with a large copper handgrip serving as a neutral 
electrode. The spots were not the same as those stimulated in 
the experiment on mechanical vibration, but the same general 
skin areas were explored for both pressure and electrical 
sensitivity. Some interesting sensory experiences resulted. 
When spots insensitive to pressure were stimulated the 
experience of ‘burning pain’ was obtained. Stimulation 
of pressure spots gave sensations similar to those produced by 
mechanical vibration. Hereafter, we shall speak of them as 
‘vibration sensations.’ 

The results of surveying these 180 spots gave 30 pressure 
sensitive spots which also yielded strictly ‘vibratory sensa- 
tions.’ Seven spots were reported as giving vibration with 
only ‘light pressure.’ All spots not yielding vibration gave 
either one of two other patterns, a ‘burning pain’ or a ‘burning 
vibration.’ This latter can be described as a ‘sharp burn’ 
superimposed upon a feeling of vibration. The ‘burning 
pain’ has no vibratory content whatsoever. In general 
there were more vibration spots on the dorsal surface of the 
arm than on the ventral. The limens for the vibration sensi- 
tive spots were with very few exceptions higher than for those 
where the experience was of ‘burning pain.’ The ‘burning 
vibration’ limens lay between these two extremes. 

Since some earlier work by the experimenter has shown 
that the palmar side of the hands yields vibratory experiences 
to alternating electrical currents, the next problem involved, 
therefore, was a study of the various regions of the body to 
determine those areas giving vibration sensations.! This 
survey was made with a copper electrode 2 mm in diameter. 
It was found that the only large skin areas of the body yielding 
the vibratory patterns to the electrical currents were the 


1 Mr. Joseph Weitz and the writer served alternately as observer and experimenter 
in this series. 
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palms of the hands and the soles of the feet. All other regions 
gave the experience of ‘burning pain.’ An exploration with 
much larger electrodes gave virtually the same data. 


THE DIsTRIBUTION OF ‘VIBRATION SENSITIVE—-PRESSURE 
SENSITIVE’ SPOTS 


The possibility that the thickness of the skin had some 
effect on producing vibratory experiences such as were found 
on the bottom of the feet and on the palms of the hands was 
investigated by placing pieces of fresh meat between the 
electrode and the skin, thereby ‘thickening’ the skin. By 
this method it was possible to set up ‘vibratory experiences’ 
on the various regions of the body. Similar results were 
found by applying large wet electrodes. However, a more 
extensive survey of the body with the ‘thickened skin’ 
showed that rather large skin areas in the middle of the back 
would not yield vibratory experiences, whereas upon moving 
to some adjacent region these sensations could be aroused. 
Several of these skin areas were outlined and by using smaller 
and smaller wet electrodes it was possible to narrow down 
these regions to a size where the vibration experiences resulted 
when stimulations were made with the 2 mm dry electrode. 
By exploring this area with the needle a single spot was found 
which was both pressure sensitive and vibration sensitive. 
Moving away from this spot, in some cases a distance less than 
one-half of one mm the subject felt a sensation of ‘burning 
vibration’; going away from the pressure sensitive spot still 
further gave the pattern of ‘burning pain.’ This suggests 
some kind of ‘spreading out’ effect of the stimulations. 

The normal sensations aroused at the finger tips by alter- 
nating currents has been reported elsewhere by the writer (5). 
Here the sensations elicited were investigated for frequencies 
ranging in steps from 64 to 12,500 cycles.. Vibration was 
experienced up to frequencies around 2000 cycles, frequencies 
above this range giving the feelings of extreme warmth, 
finally going into patterns of psychological heat at frequencies 
higher than 8000 cycles. It is known that a frequency range 
around 2000 cycles is near the upper limit of sensing mechani- 
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cal vibration at the finger tips (4). To see what effect there 
would be on the various sensations elicited through stimula- 
tion by alternating electrical currents, the skin on the finger 
tips was ‘thinned’ by the use of sandpaper. A partial ‘thin- 
ning’ of the skin caused the sensations elicited to be those of 
‘burning vibration,’ whereas removing a greater portion of 
the epidermis caused the response to the currents to be the 
characteristic ‘burning pain.’ The limens obtained under 
these conditions bore the same relationships as those reported 
above for other regions of the body. With the epidermis 
intact the sensations of ‘vibration’ came in with relatively 
high thresholds. With almost complete removal of the 
epidermis we found the ‘burning pain’ with low thresholds. 
The ‘burning vibration’ thresholds were intermediate between 
these two limits. 

As stated earlier, the only regions of the body giving vi- 
bratory sensations to the electrical currents were the palms of 
the hands, the soles of the feet and on pressure sensitive spots 
in any general region of the body. One interpretation would 
be that on the palmar sides of the hands and the soles of the 
feet there is a general vibratory sensitivity because here the 
vibration sensitive end-organs are closely packed together, 
being sparce in other regions of the body. One can, however, 
get in these regions isolated spots not sensitive to vibration, 
which yield either the ‘burning pain’ or the ‘burning vibra- 
tion.’ As one means of checking the distribution of these 
vibration sensitive spots a band of skin was explored from 
the middle of the arch around to the top of the foot with the 
2 mm dry electrode; stimulations being made every 2 mm. 
The results showed that sensitivity went from that of general 
vibration at the arch of the foot, through ‘burning vibration’ 
on the side of the foot, into patterns of ‘burning pain’ when 
approaching the top of the foot. Some few spots yielded 
vibration on the sides and the top of the foot—these were also 
pressure sensitive. 

These data support the theory that spots sensitive to 
pressure are also highly sensitive to mechanical vibration. 
Furthermore, that the only spots on the surface of the skin 
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mediating ‘vibration’ patterns from stimulation by alternat- 
ing electrical currents are those which are also pressure 
sensitive. 

SUMMARY AND CONCLUSIONS 

1. The sensitivity of different regions of the skin to stimu- 
lation by mechanical and electrical vibration was investigated. 

2. The regions of the skin most sensitive to mechanical 
vibration were those spots which were also highly sensitive 
to pressure. | 

3. Pressure insensitive spots were relatively insensitive to 
mechanical vibration. 

4. There was a marked difference between the dorsal and 
ventral sides of the arm with respect to vibratory sensitivity 
by mechanical stimulation. 

5. The only spots on the surface of the skin yielding 
‘vibratory sensations’ to stimulation by alternating electrical 
currents were those points which were highly sensitive to 
pressure. 

6. Electrical stimulation of spots near, but not on, pressure 
points gave the experience of ‘burning vibration.’ 

7. Electrical stimulation of local skin areas not containing 
pressure sensitive spots yielded the experience of ‘burning 
pain.’ 

8. The only skin regions of the body mediating ‘vibratory 
experiences’ to the alternating electrical currents were the 
palms of the hands, the soles of the feet, and pressure sensitive 
spots in any general region of the body. 

9g. The limens for those spots yielding ‘vibration’ to the 
electrical stimulation were consistently higher than those for 
which the experience was of ‘burning pain.’ The limens for 
the ‘burning vibration’ were intermediate between the two. 

10. Possibly skin structure and the distribution of pressure 
end-organs determine the sensitivity of any region of the body 
to mechanical and electrical vibration. 

11. Our data support the hypothesis that vibration sensa- 
tions form a perceptual pattern of feeling of which pressure is 
but another temporal expression. Vibration, therefore, may 
be thought of as ‘interrupted pressure.’ 


(Manuscript received April 9, 1937) 
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A COMPARISON OF PREFERENCE AND MOTOR- 
LEARNING MEASURES OF HANDEDNESS 


BY C. E. BUXTON 
State University of Iowa 


I. Introduction.—The use of certain conventional motor- 
skills tests as measures of laterality was reported by Beck (1) 
in a recent paper. Each of his subjects, on successive trials, 
alternated hands in a given motor performance; he thus was 
able to measure objectively the level of performance of either 
hand on the pursuit rotor, triple plate tapping, and like tests. 
He could also evaluate the difference between the skills of the 
two hands, in terms of total score for each. The level of 
correlation between hand-differences on various tests varied 
from .40 to .71, indicating, according to Beck, a common 
factor of laterality in the performances. 

II. Purpose.—It was the purpose of the investigation to 
be reported here to compare the motor-learning measures of 
handedness described above with measures determined from 
‘habitual’ hand preferences in a number of simple situations 
where choice of hand for a given task was the only significant 
variable. (For a more complete discussion see Buxton, 3.) 
It was thought that, if the motor ratios could possibly be 
validated in this way, they would provide a simple time-saving 
method of testing for laterality in clinical and other situations. 

III. Tests Used.—The habit-preference measures of handedness were derived in 
the following way. It was assumed that there are all degrees of handedness from 
extreme left to extreme right, and, also, the greater the dominance of either side the 
more often will the hand on that side be used, in preference to the non-dominant 
hand. Thus if an individual in this investigation is confronted with 40 situations in 
which he is free to use either hand to accomplish a task, and he uses the right hand 
35 times and the left 5, he is said to be more right-handed or right-dominant than the 
subject who uses the right hand 25 times and the left 15. 

It is evident that such a group of tests does not take into account the fact that 
‘natively’ left handed individuals may have been forced to use the right hand to an 
even greater degree than individuals who were somewhat right handed as young chil- 


dren. However, no claim is made that any behavior except present habit tendencies 
is sampled; this is the most frequently used method of determining laterality. Per- 
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formance was chosen instead of the questionnaire because of its seemingly closer 
approach to reality. 

In order to secure a large number of simple situations, three type-tests were 
chosen: throwing, near and far reaching for objects, and brushing imaginary lint from 
the clothing. Each of these was given ten times, in slightly varying ways and posi- 
tions, arbitrarily selected by the experimenter. To these 30 choices of hand was 
added a pegboard situation in which 10 pegs were strewn fan-fashion before the subject 
and he was simply told to replace them in the board. All the detailed variations in 
the preference testing situations will not be described. Suffice it to say that various 
body positions and type of throw characterized the throwing test, and that the pegs 
for the peg-board were placed so that either hand could reach any peg, and for the 
reaching test, a solid metal cylinder was placed about the room at differing heights 
and at near and far reaching distances. All tests were given in a definite order and 
with dispatch. A score of + 1 was given for each time the right hand was used in 
the throwing, reaching, brushing, and peg-board tests, a score of zero for use of both 
hands or noticeable indecision (which, although rare, did occur) and — 1 for each 
choice of left hand. As an added test, 5 paired trials were taken on a dynamometer, 
with adequate rest periods, and the stronger hand in each pair of trials given an arbi- 
trary weight twice that for choice of hand in each of the other tests. On the combined 
scale, then, an extremely right-handed individual might receive a score of 50, and an 
extremely left-dominant individual a large minus score. 

Every effort was made to put the subject (in most cases a college freshman, 
although a few high-school students were included) through the test series rapidly, 
and to keep his attention off the performance of these tasks. This was very necessary 
in preventing self-consciousness, which to the extent that it entered in probably 
invalidated the results. The only evidence concerning the control of this factor was 
the experimenter’s subjective judgment that to a reassuring degree he was successful 
in keeping attention turned from the details of the testing situation. It was often 
the case that an adult subject took the whole tests series as a game of following instruc- 
tions, with the attitude of ‘now what?’ 

The arbitrariness of this whole procedure is recognized, and no attempt is made 
to say what score represents an absolute amount of laterality in any case. The scale 
does serve, however, to rank an experimental group in order of frequency of preference 
for one hand or the other, and under our principal assumption, this is an expression of 
the relative degree of laterality. When individuals are classified by such a scale the 
correlation technique may be applied to determine the relation of varying strengths 
of preference, as measured by the whole battery of tests, or each sub-test, to other 
variables. 

The motor skills tests and procedure used were identical with three of Beck’s, 
the pursuit rotor, triple plate tapping, and motility rotor (2). Suffice it to say here 
that the pursuit rotor is a test of skill in following with a stylus a silver dot which 
revolves in a circle on a phonograph-like turntable. A fairly great amount of learning 
is shown in a dozen trials with either hand. The motility rotor is a hand shop-drill 
equipped with a device for recording the number of revolutions of the handle. The 
triple plate tapping test calls for speed in stylus-tapping a triangular pattern. 

IV. Procedure.—Each subject was given the motor skills tests at the first of two 
test periods. The motor skills were administered with alternate trials for the two 
hands exactly as described by Beck (1). The total scores for each hand were combined 
into a ratio, the numerator of which was the difference between the two hands and the 
denominator the sum of the totals. Such a ratio shows the relative superiority of one 
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hand or the other in performing these tasks. Whereas Beck used as a measure the 
percent by which the superior hand exceeded the inferior, the ratio used in the present 
study takes account of the ‘absolute’ level of skill of both hands. In other words, 
an intermanual difference of given size may be very significant or insignificant in 
relation to a low or high level of achievement, and the ratio here used, with ‘absolute’ 
level of achievement accounted for by the denominator, attempts to more satisfac- 
torily meet this problem. 

Motivation is self-provided with these tests, for they are interesting to nearly 
all subjects. The administration of the preference tests was accomplished as described 
above, during a second testing period. 


V. Results——We shall examine the reliabilities and inter- 
correlations for the test batteries separately, later comparing 














the two. In Table I it is shown that the odd-even reliabilities 
TABLE I* 
N = 86 

Pegboard | Brushing | Throwing | Reaching Dyn. All 
Pegboard......... .87(.93) 59 62 63 49 77 
Brushing.......... .30(.50) 59 63 .40 56 
Throwing......... .88(.94) 70 LF 75 
Reechine.... 2... 79(.88) 44 64 
Dynamometer..... 6780) .60 
ha aii tk eee ina 88(.94) 























* The coefficients in parentheses are estimations, by the Brown-Spearman for- 
mula, of reliabilities for full-length tests. The rs in the last column were computed 
by plotting each test against the remainder of the tests, with the exception of the 
pooled reliability which is explained in the text. 


of the peg-board, throwing and reaching tests are of a rela- 
tively high order, but that the brushing test is quite unsatisfac- 
tory and the dynamometer performance is also inconsistent. 
The reliability of the battery, total odd scores on the four tests 
plotted against total even scores, is probably high enough for 
use of this group of tests in individual cases, which is usually 
the most desired application of laterality findings. The 
consistent level of inter-correlation (average r = .59) may be 
interpreted to mean that a common factor (laterality) is 
influencing scores on all the tests. 

We may see from Table II that while the reliabilities of 
the difference-ratios for the manual skills are of fairly satis- 
factory size, the inter-correlations indicate that direction and 
degree of superiority of either hand is specific to the testing 
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TABLE II* 
N = 43 
Pursuit Rotor Tapping Motility Rotor 
Pursuit rotor.......... .53(.69) 14 .06 
Tapping. .............. .65(.79) 13 
Motility rotor.......... .81(.89) 














* Coefficients in parentheses same as in Table I. 


situation and not predictable from one test to another. These 
results are in sharp contrast to the inter-correlations of Beck, 
shown in Table III. At present no satisfactory explanation 











TABLE III * 
N = 43 
Single-tap. Spool-pack. | Motility Rotor} Triple-tap. 
I inns bam ee- abi 42 
gk re 55 50 
i. 55 47 71 
ag rr 47 41 .66 65 

















* Taken from Beck (1), p. 269. 


of the difference can be offered, in view of the adequate re- 
liability coefficients. The possible cue, of course, is that this 
group, smaller than Beck’s and without so large a number of 
individuals classified as sinistral, did not produce a large 
enough range of talent to emphasize the relationships which 
did exist. On the other hand, it is difficult to conceive that a 
jump from the small rs here reported to rs the size of Beck’s 
could have been produced even by doubling the range. 

It may be noted in the thesis by Beck (2) that when these 
inter-correlations were computed for the group of dextrals, 
the correlation between the motility rotor and triple plate 
tapping was —.049, between the pursuit rotor and tapping, 
+.049, and between the motility rotor and pursuit rotor, 
+.203. The indication is thus that almost no prediction of 
degree of handedness is possible within a group of right handed 
individuals, so that the hand-differences are not at all indic- 
ative of the degree of whatever common laterality may exist. 
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The directly-sought findings of this investigation may be 
ascertained from Table IV, which shows inter-correlations of 
all the tests used, and the pooled batteries also. From it we 
see that: (1) correlations with the least reliable preference 
test, brushing, are lowest of all given, averaging only .07; (2) 
correlations with the most specifically habituated preference 
test, throwing, are highest, averaging .29; (3) correlations of 
the motor-skills separately with the pooled preference tests 
average .33; (4) correlations of the preference tests with the 
most ‘familiar’ manual skill, the drill, are higher than with 
either of the other two skills (rotor, tapping)—the average 


TABLE IV* 
N = 43 








Pegboard | Brushing | Throwing | Reaching Dyn. Pooled Pref. 





Pursuit rotor..... .O9 .03 88 13 .06 23 
Motility rotor..... 34 I 63 .46 37 .40 
, 32 .08 14 15 2 .23 
Pooled motor...... 31 .O7 .25 .26 33 45 























*In order to pool the motor-skills scores it was necessary to convert the ratios 
into percentile ranks, then average the percentile ranks for each subject. There is 
some error inherent in the procedure, but it seemed the best available for the purpose. 


correlation with the drill is .39, with the rotor, .11, and with 
tapping, .19; (5) the average correlation of the performance 
tests with motor skills pooled is .24; and (6) the fact perhaps 
most significant is that the correlation between the pooled 
motor-skills (for explanation of the method of pooling see 
legend of Table IV) and the pooled preference scores (pooled 
by simple addition) is .45. 

We are thus led to the conclusion that although there is a 
definite relationship between the two types of tests when the 
batteries each are pooled, the two types of tests are in general 
sampling behavior determined by many factors not common to 
both. There is a hint in the increased size of correlation 
between the more familiar motor performance (drill) and the 
preference tests that the manual skills here tested in the early 
stage of learning are affected by differential factors in the 
learning process. The writer advances the hypothesis that 
as the manual skills are better learned they yield results more 
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like the results of the preference tests, and proposes to check 
this hypothesis in the near future. 

VI. Summary.—1. Manual-skill measures of handedness 
proposed by Beck were compared with a battery of preference 
tests to determine whether or not the same principal function 
(laterality, or dominance) was tested by each type of test. 

2. The reliabilities of the three motor-skills ratios (rotor, 
drill, tapping) were relatively satisfactory; the brushing and 
dynamometer tests were not so satisfactory as to reliability, 
but the throwing, reaching, and peg-board reliabilities were 
high. 

3. The preference measures inter-correlated at a level 
interpreted as showing some common determiners, assumed 
to be laterality of function. 

4. The motor-skills measures did not correlate closely 
enough with each other or with the preference tests to indicate 
significant communality. However, when each of the two 
batteries was pooled, the correlation between them was .45, 
indicating that in a very general way the tests were sampling 
similar behavior; this level of correlation certainly does not 
permit substitution of either battery of tests for the other. 


(Manuscript received April 7, 1937) 
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THE LABORATORY COURSE IN PSYCHOLOGY: 
III. HUMAN AND ANIMAL LEARNING 
IN THE MAZE 


BY MILES A. TINKER 


University of Minnesota 


One of the most consistently used experiments in labora- 
tory psychology is maze learning. Some form of the grooved 
maze, in which the pattern is traced with a stylus, has usually 
been employed as apparatus. As is well known, this maze has 
proved to be far from satisfactory in most drill laboratories. 

A more satisfactory apparatus, which is described below, is 
one: (1) which has two approximately equal forms available; 
(2) which permits each of the two partners to complete the 
learning of one form within the ordinary laboratory period of 
two hours; (3) whose learning is characterized by procedures 
that are readily recognized and described by S; (4) which 
yields a learning curve that may be interpreted in terms of the 
elementary student’s background in the field; (5) which may 
be constructed in a local shop at small cost. Some labora- 
tories undoubtedly would like to adopt a maze which already 
has adequate norms for comparison with individual data. 
The following description is offered so that others may profit 
from our experience over a period of several years at Min- 
nesota. 

We have substituted the Miles type of high relief finger 
maze (3) for the grooved type (1). A modification of the 
Warden maze pattern (§) was used. Contrary to Warden’s 
pattern, there are no right angled segments at the end of 
blind alleys, and the sequence of choices was changed in 
Form AtoRLRRLLRLRRLR; and in Form B to 
LRLLRLRRLLRL. Thelinear dimensions were kept 
approximately the same as in Warden’s maze. 

For the animal experiment, a maze with one pattern of 
the human maze, Form A, was constructed as follows: an 
elevated pathway two inches wide, resting on the tops of 
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2 X 2’s, forty inches long, extended about 12 feet along the 
classroom. Between the class and the maze was a one-way 
vision screen (wire window screen painted white) brightly 
illuminated on the maze side. This, when the general il- 
lumination of the room was relatively dim, effectively elim- 
inated the students from the rat’s vision.! The animal 
experiment was conducted in the class with precautions and 
procedures similar to those employed (2) with our less satis- 
factory set-up (4) for animal learning. 

For comparison with each other the group data for human 
subjects (university students) on Maze A and Maze B and 
for rats on Maze A are listed in Tables I and II. These data 
may be considered as norms with which to compare individual 
performance. It is seen that for human subjects, performance 
on Maze A and Maze B are strictly comparable with one 

TABLE I 


AVERAGE TIME AND Errors For Group Data 1n Maze LEARNING 

















Human Maze Animal Maze 
Trial Maze A (N = 52) Maze B (N = 53) Maze A(N = 12 Rats) 
Time (Sec.) Errors Time (Sec.) Errors Time (Sec.) Errors 
i 79 5-4 42 5-4 402 20.9 
2 44 4.2 32 3.9 75 8.8 
3 32 3-1 27 3-5 41 5-7 
4 28 2.8 24 3.3 24 3.2 
5 26 2.9 23 3.2 34 3-3 
6 24 2.5 23 3.0 26 2.7 
7 22 2.4 21 2.5 28 2.8 
8 21 2.0 20 2.1 26 1.6 
9 20 1.6 20 2.6 20 1.7 
10 20 1.5 19 2.1 28 9 
II 18 1.6 18 1.7 19 1.1 
12 18 1.2 18 1.8 17 7 
13 17 1.4 18 1.6 IS 1.0 
14 17 I.I 18 1.7 14 5 
IS 16 1.2 17 1.2 15 I 
16 IS 9 17 1.4 2I 3.2 
17 16 8 16 I.I 18 1.6 
18 15 7 15 1.0 
19 15 eS 14 1.0 
20 15 6 14 8 
21 IS 5 14 g 
22 1S 5 14 8 
23 14 4 14 8 
24 14 4 14 6 
25 14 4 13 5 























1 The writer is greatly indebted to Dr. S. R. Hathaway who suggested and super- 
vised the construction of this whole set-up for the rats. 
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exception. In the first 2 or 3 trials the time is less on B than 
on A. This is undoubtedly due to the fact that B was done 
after S had seen a subject perform on Maze A. 

The rats are slower and make more errors than humans on 
the first three trials. Otherwise the trend of learning is 
similar to that of humans, although most of the errors are 
eliminated for the animals by the fifteenth trial. Prior to 
the 16th trial for the animals the maze pattern was altered by 
making the 7th choice left instead of right. Interference is 
shown by scores on the 16th and 17th trials. When trials are 
continued, the interference disappears at about the 2oth trial. 

Location and frequency of errors are shown in Table II. 
Examination of this table shows that the rats tend to learn 


TABLE II 
FREQUENCY AND PLACE oF ERrRorS IN Mazes 














Blind Alley Number 
Maze Sub- 
Pattern jects 
I 2 3 4 5 6 7 8 9 10 | rr | 12 
A 6 Rats 58 | 37 | 29 | 41] 15 | 18] 21] 49] If] 7] 17] 10 
A 38 Humans | 23 | 87 | 66 | 200] 98 | 226] 99| 207| 104 | 271 | 126] 40 
B 38 Humans | 38 | 85 | 94 | 244] 68 | 166] 173 | 307] 77|299| 107] 46 












































the end of the maze first while the humans, with the exception 
of the last blind alley, tend to learn the first part of the maze 
first. Errors that are difficult for humans to eliminate 
(choices 4, 8, and 10) seem to have consistent location in the 
series in the two maze patterns. 

Both these experiments have proved to be highly interest- 
ing to the students and have made worthwhile contributions 
to our laboratory course. 


(Manuscript received April 5, 1937) 
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THE INFLUENCE OF A SHORT PRELIMINARY 
EXAMINATION OF LEARNING MATERIAL 


BY MINNA R. GROSSMAN AND HULSEY CASON 


Unwwersity of Wisconsin 


General.—The somewhat conflicting results of studies of 
the relative efficiency of Massed and Distributed learning are 
functions of the learning activity used and the method of 
distributing the learning sessions. In the present experiment 
we have studied the influence of a short preliminary examina- 
tion of learning material on the efficiency of learning. The 
total time used in Massed learning was 30 minutes, and in 
Distributed learning, six minutes were allowed for the short 
preliminary examination and 24 minutes were allowed for the 
later learning. As learning materials we used (1) paired 
associates, (2) series of familiar words, and (3) meaningful 
reading material. Two equalized sets of each of the three 
kinds of material were used with each subject, one set with 
Massed learning, and the other set with Distributed learning. 
Each test was of such a length that complete learning was 
practically impossible. 

Material.—(1) Paired Associates Nonsense Syllables. The 
syllables were selected from Cason’s (1, 201) list of nonsense 
syllables, and there were two lists of 12 pairs each. 

(2) Series of Three-Letter Words. The words were 
selected from Cason’s (1, 202) list of familiar words, and there 
were four lists of 24 words each. 

(3) Meaningful Reading Material. We used the two 
standardized reading tests dealing with the Declaration of 
Independence and the American Revolution in the Iowa 
Comprehension Test (2), Series D1 and Dz. 

Procedure.—The two sets of each of the three kinds of 
material and the temporal order of the Massed and Dis- 
tributed learning were rotated in such a way that the com- 
parisons made are entirely valid. The total time of 30 min- 
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utes was divided between the three kinds of learning material 


in the following way. 
Learning Periods 


Massed Distributed 
Eee ee. CC 1% and 6 min. 
Series of words (for each of two series)... 334 min. 34 and 3 min. 
OI 3» sane ceeshannbane IS min. 3 and 12 min. 


The subjects were tested immediately after the Massed 
learning, and immediately after the second of the two Dis- 
tributed learning periods. ‘The longer of the two Distributed 
learning periods in all cases occurred 24 hours after the short 
preliminary examination. When Massed learning came first, 
the short preliminary examination took place 24 hours later; 
and when Distributed learning came first, the Massed learning 
took place 24 hours after the longer of the two Distributed 
learning periods. 

The 27 university student subjects were taken individually, 
they were told orally how they would later be tested, they were 
handed the typed learning material and were allowed to study 
it in their own natural way except that in the short pre- 
liminary examination they were asked to examine the whole 
set of material. 

Results —In the paired associates tests, a score of one was 
given for every syllable recalled. In the tests with series of 
words, a score of one was given for each word recalled and an 
additional score of one for each word in the correct position 
with respect to the preceding and following words. With the 
reading material, a score of one was given for each idea 
recalled. 

The principal results of our study are given in Table 1, and 
the results show that the scores for Massed and Distributed 


TABLE 1 
Tue INFLUENCE OF A SHORT PRELIMINARY EXAMINATION OF LEARNING MATERIAL 








Paired Associates Series of Words Reading Material 





Massed Distributed Massed Distributed Massed Distributed 





Bick is veoen ll 27 27 27 27 27 
, 40+ 4] 4.2.2 | 63.14 2.6/57.8 + 2.2] 23.441.0| 23.641.1 
Mdn.. 404.5] 40+ .3 | 63.5 + 3.3 | 60.0+ 2.8 | 23.04 1.3 | 23.04 1.4 


ee 2.7 “118 19.9 17.2 7.9 8.7 
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learning were practically the same for the paired associates 
and for the reading material. The scores were slightly higher 
for Massed than for Distributed learning with the series of 
words, but these differences are not reliable. The number 
of individual subjects making a higher score under Massed 
and Distributed learning were as follows. 











Paired Series of Reading 
Associates Words Material 
Higher under Massed learning........... 12 17 II 
Higher under Distributed learning....... II 9 IS 
Making the same score under the two con- 
DP Likes ekhsnadweanhsvns ss tas 4 I I 














Conclusion.—The Distributed learning periods which we 
employed were different from all those used by previous 
investigators, and our results indicate that a short preliminary 
examination of learning material does not improve the efh- 
ciency of learning. Our study supports in a general way the 
thesis of Ruch (3, 19-20) that the relative value of Massed 
and Distributed learning depends upon the kind of learning 
activity and the conditions of learning. 


(Manuscript received May 1, 1937) 
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